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EFFECTS OF 2,4-D AND SOIL MOISTURE ON THE CATALASE 
ACTIVITY, RESPIRATION, AND PROTEIN 
CONTENT OF BEAN PLANTS! 


By W. G. Corns? 


Abstract 


Bean plants grown under various controlled moisture conditions in a green- 
house, and sprayed with 2,4-D, showed differences in catalase activity, carbon 
dioxide output, total nitrogen content, and visual response. Catalase and 
respiration of leaves were stimulated or depressed depending upon soil moisture, 
concentration of 2,4-D, and time after treatment, but there was not always a 
positive correlation between the two activities. Protein in léaves, with a few 
noteworthy exceptions, was decreased by 2,4-D. Extremes among leaf responses 
were induced in plants recently deprived of optimum moisture. Catalase, 
respiration, and protein content of stems were greatly increased by 2,4-D. 
This was especially noticeable in plants in moist soil. Soil treatments with 
2,4-D solution followed by adequate moisture effected, in above-ground parts 
of plants, responses resembling those measured after foliage sprays on beans in 
moist soil. Fasciation of underground parts resulted only from a soil application 
involving relatively dilute (50 p.p.m.) concentration of 2,4-D. 


Introduction 


Weather conditions affect the rapidity and extent of response of plants to 
the selective herbicide, 2,4-dichlorophenoxyacetic acid. The work of 
Hamner and Tukey (5), Kelly (6), Marth and Davis (11), and others (1) 
shows that high temperatures usually accelerate plant response to 2,4-D 
when soil moisture supply is adequate. Under field conditions of prolonged 
drought or cold, plants appear to be more resistant to the herbicide (14). 
These generalizations, of course, offer only a partial explanation of physiology 
of herbicidal action since some species are much more resistant to 2,4-D than 
are others. A great number of factors are involved, many of them not well 
understood. It is important, therefore, to learn and explain the limits of 
successful herbicidal application appropriate to situations involving various 
combinations of environmental factors during different periods in the life 
cycle of crops and weeds. In relation to such efforts, continued studies on 
the internal processes of plants may help provide clearer understanding of 
variations in response within and between species. 

1 Manuscript received January 28, 1950. 


Contribution from Department of Plant Science, University of Alberta, Edmonton, Alta. 
Assistant Professor of Plant Science. 


[The June issue of Section C (Can. J. Research, C, 28 :225-391. 1950) was issued 
July 7, 1950.) 








394 CANADIAN JOURNAL OF RESEARCH. VOL. 28, SEC. C. 


As part of a project of this nature, the work reported here concerns a survey 
of catalase activity, respiration, and protein content of bean plants following 
2,4-D treatments under different soil moisture conditions in a greenhouse. 


Numerous workers have investigated under many circumstances the 
activity of the common enzyme catalase in seeds, roots, stems, leaves, fruits, 
etc. (8, 12). Some research suggests a direct association between catalase 
activity and respiration, while other evidence indicates that such correlation 
is fortuitous (15). We have encountered no publication dealing with pro- 
gressive response of catalase to 2,4-D in growing plants. Hagen ef al. (4) in 
their paper on 2,4-D inhibition of castor bean lipase briefly report no inhibition 
on catalase in presence of 2,4-D using a tissue homogenate technique. 
Presumably 2,4-D was added to in vitro preparations. 

Increases or decreases in respiratory activity depending upon factors such 
as the kind of tissue, concentration of chemical, and time after its application 
follow 2,4-D treatments of beans, peas, and other plants (2, 3, 7, 18, 19). 
Kelly and Avery (7) suggest that selective action of 2,4-D on peas, as opposed 
to oats, may be reléted to the fact that pea tissue, in addition to responding 
to much lower concentration of 2,4-D than oat tissue, shows a greater 
magnitude of response. 


Sell e¢ al. (16) found increases in protein content and some evidence for 
changed character of protein in bean stems after application of 2,4-D. Other 
changes in bean leaves and stems have been noted by the same authors (10). 
Akamine (1) reviews related research, Mitchell and Brown (13) describe 
effects on carbohydrates in annual morning glory and Smith et al. (17) report 
changes in food reserves and respiratory capacity of bindweed tissues accom- 
panying herbicidal action of 2,4-D. A recent paper by Wort (20) shows the 
effects of 2,4-D on carbohydrate and nitrogen content of buckwheat. There 
appears to be very little information, however, showing the extent to which 
internal changes throughout treated plants are influenced by specific environ- 
mental factors which in addition may modify the effect of 2,4-D treatments 
applied with herbicidal intentions. 


Experimental 


Materials and Methods—General 

Bean plants of the variety Pencil Pod Black Wax were grown in uniform 
soil mixture (three parts black loam, one part sand) in a greenhouse at summer 
temperatures fluctuating between 70° and 95° F. Prior to periodic deter- 
minations of moisture content, carbon dioxide evolution, catalase activity, 
and protein content, boxes of soil, each containing 70 nearly uniform plants, 
were arranged for controlled moisture supplies and different foliage spray or 
soil treatments with 2,4-D triethanolamine. Treatments were randomized in 
triplicate at a growth stage when primary leaves were well developed and 
trifoliate leaves just beginning to unfold. Analytical determinations were 
carried out before any major visible ontogenetic changes occurred. 
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Following is an outline of the procedures used in various experiments 
whose other details appear later. 


Moisture Content 
Fresh and dry weights of samples containing counted primary leaves 
(45 — 60) or stems (25-45) were determined periodically. Plant material 


~ 


was dried for 24 hr. at 60° C. and for the same length of time at 110° C. 


Carbon Dioxide 


Carbon dioxide evolution was determined using duplicate 4-gm. samples 
of leaves or stems suspended for two hours within sealed wide-mouth pint 
jars also containing 25 ml. of 0.02 N barium hydroxide and four drops of 
phenolphthalein indicator below the respiring material. Blanks with only 
barium hydroxide and indicator were included. After the test period in the 
dark, the solution in each jar was titrated with 0.02 N hydrochloric acid and 
the amount of carbon dioxide calculated from the difference between mean 
blank titrations and those corresponding to the samples of plant material. 


Obviously this method lacks the precision of more refined techniques. 
Nevertheless its simplicity is an advantage where primary interest rests with 
detection of major differences between samples when time required for other 
analyses is a limiting factor. 


Catalase 

Catalase activity was determined using apparatus similar to that described 
and illustrated by Landon (8). Samples of plant material representing 
different treatments were gathered at the same time and temporarily trans- 
ferred to a moist chamber. Above-ground portions of stems included material 
between ground level and cotyledonary nodes. Below-ground portions were 
freed of roots. As soon as possible, duplicate 1-gm. samples of leaf or 2-gm. 
samples of stem tissue were taken from composite samples previously clipped 
into small pieces for analyses. Each was mixed in a mortar with 0.90 gm. 
powdered calcium carbonate and sufficient distilled water to produce a smooth 
paste during a four-minute grinding operation. ‘The ground leaf suspensions 
were transferred to 100 ml. volumetric flasks and the stem material to 50 ml. 
flasks which were brought to volume and stored at 5° C. in readiness for con- 
current determinations on duplicate pairs of samples. Order of selection of 
pairs was randomized. Three-ml. aliquots from well-shaken flasks were 
pipetted to Bunzell tubes and brought to 233° C. bath temperature before 
reaction with 3 ml. aliquots of 3% hydrogen peroxide. Readings were 
recorded after a six-minute period of shaking at a rate slow enough to allow 
proper drainage of both arms of the tubes. A rheostat was used to govern 
motor speed. 


In preliminary trials, considerable practice was required in standardization 
of procedure. With only very rare exceptions this resulted in close agreement 
between results for duplicate samples. 
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Protein 


Plant material dried by the procedure noted earlier was ground.in a Wiley 
mill. Duplicate 1-gm. samples were then taken for protein analyses 
(N X 6.25) using the Kjeldahl method with mercuric oxide as the catalyst. 


Experiment I 
Materials and Methods 


Beans planted July 4 emerged July 8 and were watered uniformly until 
July 13. After this time, plants in one group were supplied with minimum 
amount of water to prevent permanent wilting of check material, and those 
in a second group were watered twice daily to maintain optimum moisture 
supply. On July 15, foliage of both “‘dry’’ and ‘‘wet’’ soil groups was 
thoroughly moistened with measured quantities of 0, 50, or 1000 p.p.m. acid 
equivalent of 2,4-D amine applied from an atomizer. Periodic visual observa- 
tions and determinations of catalase activity, carbon dioxide output, and 
protein content were made. 


Results 


Within 24 hr., stem-bending was evident in all treated plants. Within 
10 days after spraying, plants treated with 50 p.p.m. 2,4-D had enlarged 
stems but, while not as healthy as check material, were clearly on the way to 
recovery. At the end of the same period, plants sprayed with 1000 p.p.m. 
2,4-D were chlorotic and showed stem thickening due to increased meriste- 
matic activity. 

The data for carbon dioxide liberation, catalase activity, and protein content 
of leaves and stems at various times during this preliminary experiment are 
recorded in Figs. 1, 2, and 3. Combined discussion of data for all experiments 
appears later. 


Experiment II 


Materials and Methods 


This experiment was made in an effort to verify some of the results 
obtained in Experiment I, particularly as regards protein content, and to 
extend the sampling and analyses over a longer period of time. Beans planted 
July 23 emerged July 29 and were watered uniformly until Aug. 3. Subse- 
quently, soil moisture was regulated to approximate the conditions of Experi- 
ment I. Spray treatments with 0, 50, 1000, and 2000 p.p.m. 2,4-D were 
applied on Aug. 5. ‘‘Wet’’ soil was maintained at 33% moisture content 
(by weight). ‘‘Dry”’ soil, with 14% moisture at spraying time, had approxi- 
mately 8% water on Aug. 13 when the test was concluded. 


Results 


Visible response was similar to that noted in Experiment I. Plants 
sprayed with 2000 p.p.m. 2,4-D were most affected, but not dead, at the end 
of the test period. Injury was noticeably greater in the plants having dry 
soil conditions after chemical treatment. 
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Fics. 1, 2, 3. Carbon dioxide output, catalase activity, and protein content of bean leaves 
and stems at various times after spray application of 2,4-D under ‘‘dry” and “wet” soil 
conditions (Expt. I). 


Fig. 1 (top )—carbon dioxide output of leaves. 
Fig. 2 (center )—catalase activity of leaves. 
Fig. 3 (bottom )—protein content of leaves and of stems. 


Figs. 4, 5, 6, and 9 summarize the quantitative data. Figs. 4 and 5 express 
carbon dioxide output and catalase activity per unit of dry weight. Similar 
trends appear when fresh weight is used as the standard in comparisons of 
these data and therefore certain cross references to Figs. 1 and 2 (for which dry 
weights are not available) seem to be justifiable. These are discussed later. 
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Fics. 4, 5, 6. Carbon dioxide output, catalase activity, and protein content of bean leaves 
and stems three and six days after Spray applications of 2,4-D under “dry” and ‘wet’ soil 
conditions. (Expt. IT). 


Fig. 4 (top )—carbon dioxide output of leaves and of stems. 
Fig. 5 (center )—catalase activity of leaves and of stems. 
Fig. 6 (bottom) Sites content of leaves and of stems. 


Experiment IIT 
Materials and Methods 


In previous experiments it was an advantage in connection with sampling 
that the highest rates of 2,4-D used did not cause death of plant parts within 
the times recorded in the graphs. Death of all plant parts did not occur 
during a period of observation extending well beyond the sampling period. 
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Experiment III was carried out in order that it might provide for observations 
on herbicidal effects of 2,4-D during a reasonably short period after its applica- 
tion to plants growing under different moisture conditions. 

Beans planted Sept. 6 were watered uniformly until Sept. 16, then arranged 
in the following groups and sprayed with 3500 p.p.m. 2,4-D on Sept. 26: 


1. “Dry’’. Optimum moisture was supplied until two days before spray 
treatments with 2,4-D. Subsequently, just enough water was added to 
prevent permanent wilting of check material. 

2. ““Wet’’. Optimum moisture was supplied during the entire test period. 
Groups 1 and 2 are comparable to the groups used in Experiments I 
and II. 

3. “Prolonged Drought’’. This group was given adequate moisture for 
uniform germination, followed by the addition of just enough water to 
prevent permanent wilting of check material. 


Results 


As was the case in Experiments | and II, plants in Group 1, ‘‘wet’’ until 
two days before spraying, then ‘‘dryv’’ afterwards, appeared to be the most 
rapidly injured. In this experiment, injury was judged visually and by the 
extent of dryness of leaves crumbled between the fingers on the 12th day 
after spray treatments. Treated plants of Group 2 having optimum moisture 
conditions responded more slowly than those in Group 1, but more rapidly 
than the material under prolonged drought conditions in Group 3. Differences 
were apparent on the 12th and 13th days after spraying but by the 16th day 
when all leaves were dead there was little or no visible distinction between 
treatments. Check beans in dry soil were, of course, somewhat smaller than 
control plants growing in moist soil, but apparently were equally as healthy. 


Experiment IV 
Materials and Methods 
This experiment was performed in order to obtain results from soil 
application of 2,4-D for comparison with previous data following foliage 
sprays on beans. 

Beans planted Aug. 3 and grown normally until Aug. 19 were treated with 
0, 50, or 1000 p.p.m. 2,4-D solution absorbed from pans in which the boxes 
of plants were partially immersed until the soil was wet to the surface. This 
required about six liters of solution per box of 70 plants. Boxes were then 
removed from the water or 2,4-D solutions and subsequently watered as 
required to provide optimum moisture. Catalase and protein determinations 
were made periodically. 


Results 


On the first day after 2,4-D treatments there was no distinction between 
extent of stem twisting of plants treated with 50 or 1000 p.p.m. 2,4-D. It 
was very pronounced in both groups, but five days later the 50 p.p.m. group 
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was recovering and by the 10th day plants in soil treated with 1000 p.p.m. 
2,4-D were dead without having undergone noticeable stem enlargements, 
proliferation, or fasciation. Fig. 10 illustrates the appearance of stems after 
soil treatment with 50 p.p.m. 2,4-D applied 15 days before the pictures were 
taken. Comparable stem-thickening occurred as a result of foliage sprays in 
the earlier experiments but no unusual outgrowths from underground parts 
appeared following spray treatments. 


Figs. 7, 8, and 9 depict the analytical results obtained. 
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Fics. 7 and 8. Catalase activity and protein content of bean leaves and stems at various 
times after application of 2,4-D through the soil (Expt. IV). 


Fig. 7 (top )—catalase activity of leaves and of stems. 
Fig. 8 (bottom )—protein content of leaves and of stems. 


Discussion 


There is evidence that there are distinct physical and physiological differ- 
ences between the reactions of bean plants to 2,4-D under various soil moisture 
conditions. From a practical viewpoint it is interesting to attempt to relate 
the visual observations on extent of injury in Experiments I, II, and parti- 
cularly III to results under field conditions. This should, however, be done 
with appropriate reservations. In the present work the period elapsed 
between the time of spraying and the recorded observations was short, and 
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Fic. 9. Milligrams protein (N X 6.25) per leaf and stem of beans at various times after 
application of 2,4-D (Expts. II and IV). 


while the differences in Experiment III were noticeable for two or three days 
there was little or no visible distinction between affected plants on the 16th 
day after spraying. Beans grown in a greenhouse having high summer tem- 
perature may be expected to respond differently than would relatively hardy 
weeds in a field under more moderate conditions. There we might expect 
the differential observations to be expanded over a longer period of time. 
With this assumption, the response of beans under drought conditions before 
and after 2,4-D treatment agrees with field observations that response is 
often slow or slight during prolonged dry weather when growth is slow. 


Reasons why beans grown under optimum moisture conditions before 
2,4-D application, then subjected to drought, were more rapidly injured by 
the herbicide than were plants grown in moist soil throughout the test must 
be associated with differential physiological response to combined drought 
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and chemical by plants not yet adapted to growth in much drier soil. The 
analytical data of Experiments I and II show differences suggesting them- 
selves as direct or indirect factors in the complex of changes leading to the 
ultimate visual symptoms of 2,4-D reactivity in plants having wet, or wet 
followed by dry, soil conditions. 

Fig. 1 indicates that 2,4-D stimulation of carbon dioxide output of leaves 
is greatest in plants under dry conditions two and five hours after treatments. 
This rise is not maintained consistently and the groups approach equality, 
temporarily at least. Later, in Experiment II, Fig. 4, greater leaf fluctuations 
appear within “dry” and ‘‘wet” groups which, however, still indicate inter- 
group differences. 

Likewise, Fig. 2 illustrates stimulation of catalase particularly in “dry”’ 
leaves during the first few hours after treatments. The increase is succeeded 
by depression or stimulation in both ‘‘dry”’ and “‘wet”’ leaves (Figs. 2 and 5), 
depending on concentration of 2,4-D and time after treatments, but in general 
the extremes reached are greatest in the “dry” plants. The resemblance 
between the graph patterns for catalase activity of leaves at one- and two-day 
periods (Fig. 2) to those at three and six days (Fig. 5) may be indicative of 
systematic phasic response to 2,4-D. Figs. 1, 2,4, and 5 indicate that although 
catalase activity in some cases follows the same trend as that of carbon dioxide 
production, this relationship is not invariable. 


Stems of treated plants show remarkable consistency of trends in both 
carbon dioxide production and catalase activity three and six days after 
2,4-D treatments. There is increased activity associated with increased 
concentration of applied chemical (Figs. 4 and 5). High carbon dioxide 
production parallels high catalase activity, but the relationship is not simple 
since respiration of treated “‘wet’’ stems is much greater than that of com- 
parable ‘‘dry’”’ stems, while catalase activity does not consistently show a 
similar tendency. 

The data for nitrogenous matter in treated plants from ‘‘wet”’ or “‘dry”’ 
soil also demonstrate differences between these two groups (Figs. 3, 6, and 9). 
The percentage and amount of leaf protein is, with few exceptions, decreased 
by increased amounts of 2,4-D. Reduction is definitely more pronounced in 
the leaves of ‘‘dry”’ plants. Stems, on the other hand, show marked increases 
in protein content. Moreover, such increases over check material are appreci- 
ably greater in the stems from ‘‘wet”’ soil which produced control plants with 
relatively low protein content. In other words, plants in ‘‘wet’’ soil show less 
loss of leaf protein and more gain in stem protein than do comparable “‘dry”’ 
plants. Following 50 p.p.m. 2,4-D treatments there is in fact either no 
reduction or a small increase in leaf protein of ‘“‘wet’”’ plants, associated with 
definite increase in their stem protein (Fig. 9). Stimulation of catalase 
activity and respiration of stems of treated ‘‘dry’’ and ‘“‘wet’’ plants has been 
noted. Greater respiration of ‘“‘wet’’ stems, as compared with “‘dry”’ ones is 


associated with correspondingly greater increases over their protein content 
of check material. 





PLATE | 
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i? — =. 
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Bic. 10.) Appearance of underground parts of stems of beans 15 days after treatment of 


soil with 50 p.p.m. 2,4-D. Left: treated. Right: control Expt. 1V) 
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Experiment IV, designed to show whether root entry by 2,4-D would 
produce effects similar to those following foliage treatment, seems to reveal 
in above-ground parts of plants no major differences attributable to method 
of application of the chemical. 


The fasciated underground tissue illustrated in Fig. 10 fits the description 
of response from certain optimum concentrations of 2,4-D, recorded by 
Leone and Brennan (9). These workers noted differences in type of visual 
response to foliage and root applications of 2,4-D which were not apparent 
in our work, possibly because rates were different, and a general foliage spray 
rather than leaf-painting technique was used here. 

Leaf-catalase activity (Fig. 7) is definitely inhibited three and six days 
after soil treatment with 50 and 1000 p.p.m. 2,4-D. It later returned to normal 
in the group of plants which survived 50 p.p.m. treatment. With exception 
of temporary inhibition from the 1000 p.p.m. rate in stems below ground, 
stem-catalase activity on the other hand increased with increased rates of 
2,4-D application. This exception can be explained on the assumption that 
below-ground portions of stems in proximity to prolonged source of supply 
received from the 1000 p.p.m. treatment too much 2,4-D for immediate activa- 
tion. Later, however, as its concentration in the soil decreased, stimulation 
occurred. Similarly, as 2,4-D progressed upward in the plant, its concentra- 
tion presumably became less, hence stimulative to upper stems; but in leaves 
either it was still too concentrated to accelerate activity, or a different 
mechanism operated. Apart from behavior of underground stems, the 
responses noted in Fig. 7 are similar to those shown in Fig. 5. There remains 
the question as to how concurrent increases and decreases in enzymic activity 
occur in various parts of the plant. 

Protein percentage and quantity per leaf (Figs. 8 and 9) show a decline 
following 50 p.p.m. treatment and an increase after 1000 p.p.m. application. 
Similar increases have also been obtained in a supplementary experiment 
involving spray treatments with 3000 p.p.m. 2,4-D, so this response is not 
peculiar to situations involving soil treatment. In view of the early death of 
plants growing in soil containing 1000 p.p.m. 2,4-D, the amounts of herbicide 
absorbed from the soil in this experiment must be greater than those entering 
from the foliage sprays in Experiments I and II. This factor seems likely to 
have influenced the greater stem protein response to 50 p.p.m. than to 1000 
p-p.m. soil treatment. 


Increasing age of plants and uncontrolled daily environmental factors, 
except soil conditions, appear to be responsible for the periodic variation in 
constituents and activities of control material. Thorough interpretation of 
results is made more difficult owing to relative differences in growth rates, 
water relations, etc., as also noted by Brown (2). Nevertheless, in the 
rarious experimental treatments a number of differences attributable to 
2,4-D and to soil moisture are clearly recognizable on the basis of unit dry 
weight and total amount per organ. 
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Among these changes, the shifts in leaf and stem-nitrogen balance raise 
several basic questions about the results of chemical applications. For 
example: How are demonstrated enzyme activity changes related to other 
cell processes and increased meristematic activity involving vital proteins? 
Is the substance calculated as increased stem protein really protein or does it 
consist of less complex nitrogenous substances? Moreover, what governs 
stem protein increases when leaf protein is not depleted? The latter question 
has practical significance apart from herbicidal considerations. The work of 
Sell et al. (16) indicating change in character of protein and showing that 
nitrogen accumulation in stems of treated bean plants is associated with 
depletion of stem-sugar content provides a partial explanation of the general 
situation, but their data deal only with stem tissue. Relative to this question, 
the data of Smith et al. (17) on bindweed show both increased leaf and stem 
sugar associated with decreased total nitrogen in leaves and with increased 
nitrogen in stems of treated plants. Stem sugars, however, were reduced as 
stem nitrogen increased. Wort (20) found increased sugar and nitrogen in 
stems, but not in leaves of buckwheat treated with 2,4-D. 


Clearly, additional related investigations should be valuable in further 
efforts to elucidate plant response to applied growth-regulating substances. 
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LES CYPERACEES DE L’iLE ANTICOSTI: CAREX ET KOBRESIA' 


PAR MARCEL RAYMOND 


Abstract 


Sixty-two species, seven hybrids, eleven varieties, and two forms of Carex, 
and one species of Kobresia occur on Anticosti, a 135-mile long island located in 
the mouth of the St. Lawrence River. 

After a few historical notes on the early surveys of the Anticosti flora, the 
author lists in their natural order the different species of Carex occurring on the 
island, consisting mainly of collections made by Macoun, Schmitt, Frére Marie- 
Victorin, and his field-associate F. Rolland-Germain, and Jacques Rousseau. 
Each species has its respective distribution and proper bibliography given. Two 
new hybrids are described. 

In the third part, the author gives some phytogeographical conclusions. The 
sedges enumerated fall in the following categories: 

1. Arctic-alpine species at their southernmost limit or nearly so: Kobresia 
sitmpliuscula, Carex microglochin, and C. rupestris. 

2. Euryatlantic species, i.e. species occurring on both sides of the Atlantic, but 
very often with their main area in Europe: C. Hostiana, C. demissa, C. Hartmani, 
C. flava. 

3. Species of the upper subarctic: C. capillaris, C. rariflora, C. media, etc. 

4. Species of the lower subarctic: C. exilis, C. atratiformis, C. pauciflora, 
C. stertlis, C. castanea, C. Buxbaumii, etc. 


5. Cold-temperate species at their northernmost limit: C. arctata, C. Crawfordit, 
C. Deweyana, C. eburnea, C. intumescens var. Fernaldii, C. leptonervia, C. pedun- 
culata, C. retrorsa, C. scoparia, C. tribuloides, C. viridula, C. vulpinoidea, etc. 

A line drawn from Anticosti island to Lake Mistassini and James Bay seems to 
constitute an important natural limit for many species in the flora of Quebec. 

6. Halophytic species: C. hormathodes, C. Lyngbyei, C. Mackenziei, C. nigra, 
C. paleacea, C. recta. C. Lyngbyei, a species of arctic shores, has its southernmost 
limit on Anticosti island. 

Special consideration is given to the members of the critical section EXTENSAE 
(the flava-group) and their numerous hybrids. 

The general conclusion is that Anticosti belongs to the colder part of the 
temperate zone, with arctic or subarctic “islands” on the river flats, on wind- 
swept cliffs, or in bogs. 

The author concludes with a few notes on the economical value of sedges as 
pasture and their relation to deer-grazing. 


L’ile Anticosti est située entre les 49° et 50°, dans le golfe St-Laurent, au 
large de la Gaspésie, et prés de la COte-Nord, dont elle est séparée par le détroit 
de Mingan. Elle a 135 milles de longueur et 35 milles de largeur. 

Jacques Cartier en prit possession en 1535 et la nomma ile Assomption. 
Jean Alfonse, pilote de Roberval, parle de ses arbres abondants (1544). 
Champlain en décrit les cétes, dont les falaises lui rappelaient celles de 
Douvres. Thévet (1557-58) en parle sous le nom de Naticousti et Hakluyt 
(1589-1600) l’appelle Natiskotek. Pour ¢tre complet, il faudrait signaler 
que l'ile d’Anticosti fut concédée 4 Louis Jolliet, en 1680, en considération 
des services rendus au royaume de France par ses découvertes. 

Un des caractéres frappants de l’ile est le grand nombre de riviéres qui en 
coulent, issues des tourbi¢res nombreuses situées surtout au centre de I'ile. 


1 = Manuscrit regu le 9 mars 1950. 
Contribution du Jardin botanique de Montréal, Montréal, Qué. 
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Quelques-unes de ces riviéres, comme la Vauréal, possédent des chutes d’une 
grande beauté et des gorges riches en plantes rares. A l’embouchure de ces 
riviéres, se trouvent un grand nombre de platiéres, également des lieux de 
choix pour le botaniste. L’ile est aussi célébre pour son gibier et ses poissons. 
Autrefois, lieu redouté des navigateurs, le grand nombre de bateaux qui se 
sont échoués sur ses cétes lui ayant valu le nom de ‘‘cimeti¢re du golfe’’, 
c’est aujourd’hui un coin de la province de Québec dont la nature a été gardée 
suffisamment intacte pour attirer le naturaliste. 


I 
Historique des explorations botaniques 


C’est probablement Frederick Pursh (1774-1820), l’auteur du Flora America 
Septentrionalis (1814), décédé pauvrement 4 Montréal, qui est le premier 
botaniste a avoir visité l’tle Anticosti, en 1819. Nous savons qu’il y découvrit 
notamment le Dryas Drummondii et y récolta Thalictrum alpinum, Parnassia 
caroliniana, etc. C’est probablement lui qui incita John Goldie (1793-1886) 
a y aller, vraisemblablement en 1820. Hooker cite notamment comme 
récoltés par Goldie 4 Anticosti: Antennaria pulcherrima et Dryas integrifolia 
(28). 

En 1858, l’abbé Ferland visite la C6te-Nord et s’arréte a Anticosti (10). 

James Richardson accompagne une équipe géologique en 1860. II récolte 
des plantes identifiées par Billings, qui en publia une liste comprenant 37 
espéces (67). 

Durant 1’été de 1861, Verrill, Hyatt et N. S. Shaler visitent Anticosti, pour 
le bénéfice du ‘‘Museum of Comparative Zoology” de Cambridge. Le groupe 
s’intéresse surtout aux animaux, aux oiseaux, mais récolte également des 
plantes (80). 

M. l’abbé Ovide Brunet fait 4 son tour un séjour dans I’ile en juin 1865 et 
y récolte quelques plantes (11). 


Me 


A deux reprises, en 1882 et en 1895, D.-N. Saint-Cyr du Musée de I’Instruc- 
tion publique de Québec, visite la C6éte-Nord, s’arrctant 4 Mingan, Anticosti, 
etc., pour y récolter des plantes. II publie la liste de ses découvertes (74). 
Mais elle ne comprend aucun Carex, provenant d’Anticosti. Son matériel 
avait été identifié par John Macoun. 

En 1883, John Macoun herborise sur Il’ile. Il récolte abondamment et 
le fruit de ses herborisations allait ¢tre plus tard cité, tant dans son Catalogue 
(48), que dans la monographie d’Anticosti qui allait paraitre en 1904 (79), 
oeuvre de Joseph Schmitt, médecin frangais qui résida dans l’ile, de nom- 
breuses années, a la demande du propriétaire Henri Menier. 

A partir de cette période, il ne semble pas y avoir eu de visiteurs botanistes 
a Anticosti jusqu’en 1917, ot le frére Marie-Victorin y fait son premier 
voyage. II y récolte des plantes, mais fait surtout provision d’images qu’il 
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utilise dans ses Croquis laurentiens. Il y retourne en 1925, accompagné du 
frére Rolland-Germain et du pére Louis-Marie, d’Oka, puis, de nouveau, en 
compagnie du frére Rolland-Germain, en 1926 et 1927. 

Ces voyages botaniques a Anticosti faisaient partie d’une campagne d’explo- 
ration systématique du Bas Saint-Laurent, de 1924 4 1928, qui comprenait 
une exploration minutieuse de la Céte-Nord jusqu’a Blanc-Sablon, y compris 
les iles Mingan. Des spécimens furent recueillis par milliers et distribués 
dans les grands herbiers d’Europe et d’Amérique du Nord. Marie-Victorin en 
rédigea un itinéraire détaillé encore inédit. 

Sans doute, pour étre complet, faudrait-il citer un grand nombre de récits 
de voyages de la fin du XI Xe siécle qui, pour n’étre pas des publications 
scientifiques, contiennent néanmoins des renseignements sur |’histoire naturelle 
de I’ile (12, 25, 29, 75). 

En 1933 (1), 1934 (2), et 1935 (3), John Adams, botaniste du Ministére 
de |’Agriculture Fédéral, faisait quelques herborisations a litle d’Anticosti et 
publiait ses résultats, considérant comme nouveau tout ce qui n’était pas 
mentionné par Schmitt. 

Dans le but de compléter la documentation de Marie-Victorin sur la flore 
d’Anticosti, Jacques Rousseau visitait l’intérieur de l’ile 4 deux reprises. En 
1940, il allait au centre méme et herborisait quelques heures au lac Wickenden. 
Une premiére étude technique fut publiée (70), ainsi que des observations 
ethno-botaniques (71). En 1942, il remontait 4 pied la riviére Vauréal et 
rapportait de précieux matériaux (72), nous confiant l’étude des Carex. 

Comme des matériaux considérables ont été accumulés sans avoir jamais 
fait l’objet d’aucun travail d’ensemble, et que d’ailleurs seules quelques 
études partielles ont été publiées sur la flore de l’ile Anticosti, nous avons 
pensé rassembler au moins tout ce qui était connu sur les Carex et le genre 
voisin Kobresia. Au moment de sa mort, le Frére Marie-Victorin songeait 
a publier toutes ses observations sur le district Minganie—Anticosti. Le 
manuscrit est resté inachevé. II semble que l'étude de prés de 300 récoltes 
de Carex faites dans 46 localités différentes de l’ile, depuis Verrill, Macoun, 
Schmitt, Marie-Victorin, Rousseau, peuvent nous donner une idée passable- 
ment compléte de la représentation du genre dans cette région. Nos ouvrages 
de base ont été Boott (9), Kiikenthal (43), Mackenzie (47), et Marie-Victorin 
(50). 

A la suite de la liste annotée, nous présentons en maniére de conclusion les 
quelques observations phytogéographiques qui se dégagent de l'étude du 
matériel.* 


* Nous avons abrégé les noms des collecteurs dont les noms revenaient le plus souvent. Ainst 
V. & R. signifie Victorin & Rolland; V., R. & L.-M. représente Victorin, Rolland & Louis- Marie. 
Les noms des autres collecteurs sont cités aulong. Tous ces spécimens sont dans l’Herbier Marie- 
Victorin. 
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II 
Liste annotée des espéces 
(1) Genre Carex L. 


I. DIOICAE Tuckerm. 


1. CAREX GYNOCRATES Wormsk. [Syn: C. Redowskyana C. A. Meyer; 
C. dioica L. var. gynocrates (Wormsk.) Ostenfeld]. 

Endroits humides, sources, tourbiéres.—Lac Salé. Macoun (48).—Baie 
Sainte-Claire. Baie du Renard. Schmitt (79).—Ibidem. V. & R. 4043.— 
R. a la Loutre. V. & R. 24 526.—R. au Fusil. V. & R. 25 765.—R. Chicotte. 
Rousseau 53 331. 

Espéce de I’Amérique du Nord et de I’Asie orientale, fréquente surtout 
dans les régions subarctiques; tourbiéres du secteur tempéré (Montréal, Oka); 
pénétre également dans Il’arctique, au moins jusqu’é la Terre de Baffin en 
Amérique du Nord et l’embouchure de la Léna (Sibérie) en Asie. Forme, avec 
C. dioica et quelques autres espéces alpines voisines, un anneau circumboréal 
complet (76). 

II. CHORDORRHIZAE Fries 


2. CAREX CHORDORRHIZA L. f. 

Tourbiéres.—R. a la Loutre. V. & R. 24 975, 25 015.—Pointe de Sud- 
Ouest. V. & R. 25 219.—Lac Salé. V. & R. 25 746.—Cité par Macoun (baie 
Ellis, lac Salé) et par Schmitt (baie Sainte-Claire, baie du Renard), comme 
assez commun. 

Espéce circumboréale subarctique pénétrant un peu dans l’arctique. Connue 
dans le Québec jusqu’a Wakeham Bay (détroit d’Hudson). Se retrouve dans 
les tourbiéres du secteur tempéré (Lanoraie). 


III. MULTIFLORAE Kunth 


3. CAREX STIPATA Miihl. 

Platiéres, terrains d’alluvions, rivages.—Lac au Petit Rat (25 milles a l’in- 
térieur). Victorin 4034.—R. Vauréal. V., R. & L.-M. 20 149.—R. au Saumon. 
V., R. & L.-M. 20 147.—R. du Renard. V. & R. 27 422.—R. Natiskotek. 
V. & R. 27 448.—Port Menier, Anna Lake, Anse aux Fraises. Adams. 

Espéce tempérée a peu prés a sa limite nord. Déja notée par Dutilly et 
Lepage (17) a la riviére Rupert (baie James). 

4. CAREX VULPINOIDEA Michx. 

Ellis Bay, Adams. 


Espéce des endroits humides et des prairies du secteur tempéré, vraisem- 
blablement a sa limite nord.—Naturalisé en France. 
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IV. PANICULATAE Kunth 

5. CAREX DIANDRA Schrank. 

Tourbiéres, lagunes saumatres.—Baie Sainte-Claire. Schmitt (79). Victorin 
4051.—R. a la Loutre. V. & R. 25 760, 25 016.—Baie Ellis (10 milles a I’in- 
térieur). V. & R. 27 429, 27 434.—Lac Salé. V. & R. 27 441; Macoun (48); 
Sanatorium et baie du Renard. Schmitt (79). 

Espéce circumboréale subarctique: Kreczetowicz (42). Dans le Québec, 
atteindrait, selon Dutilly et Lepage (17) les régions arctiques, sans y pénétrer. 
Dans la plaine alluviale: tourbiéres, marécages, prairies humides. 


V. HELEONASTES Kunth 

6. CAREX BRUNNESCENS Poir. var. SPHAEROSTACHYA (Dewey) Kiik. 

Endroits humides.—R. des Caps. V. & R. 27 421.—Cité sans distinction de 
variété par Macoun (lac Salé, baie Ellis) et Schmitt (baie Sainte-Claire, baie 
du Renard). 

La variété est susceptible de se rencontrer dans toute l’aire de l’espéce, 
qui est trés vaste, allant des régions tempérées jusque dans le haut subarctique. 
L’espéce typique doit également exister a Anticosti. 


7. CAREX CANESCENS L. 


Tourbiéres.—R. a la Loutre. V. & R. 25 014. 


7a. CAREX CANESCENS L. var. DISJUNCTA Fern. 

Tourbiéres, marais saumatres.—Pointe de l’Est. V., R. & L.-M. 20 101.— 
Lac Salé. V. & R. 27 453. 

Commun dans les tourbiéres et les marécages de la région tempérée, trés 
commun dans le subarctique, pénétrant méme dans I’arctique, ot il est trés 
rare: en Europe va plus au nord qu’en Amérique du Nord: Kreczetowicz (42). 
Le groupe a fait l’objet d’une belle étude par Holmberg (27) 


8. CAREX MACKENZIEI V. Krecz. (41). [Syn: C. norvegica Willd., non Retz.]. 

Marais saumatres.—Baie du Renard. V., R. & L.-M. 20 106.—Lac Salé. 
V. & R. 24 493.—Récolté par Macoun (lac Salé, baie Ellis); et par Schmitt 
(baie Ste. Claire, baie du Renard). 

Espéce halophytique surtout nord-américaine, débordant un peu sur l’ouest 
de l’Europe et l’est de l’Asie. Dans le Québec, fréquent sur les gréves mari- 
times du Golfe Saint-Laurent, le long des cétes du sud du Labrador, réap- 
paraissant sur les gréves de la baie James et de la Baie d’Hudson, jusqu’a la 
limite des arbres. 


9. CAREX DISPERMA Dewey [Syn: C. tenella Schk.]. 


Endroits humides.—Lac au petit Rat. Victorin 4035.—Lac Salé. Macoun 
(48).—V. & R. 27 454.—R. a la Patate. V. & R. 20 498.—R. a la Loutre. V. & R. 
27 437, 25 013.—R. Jupiter. Macoun.—R. Vauréal. V. & R. 20 108 bis.—Baie 
Sainte-Claire, baie du Renard. Schmitt (79). 
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Amérique du Nord, du Labrador a !|’Alaska, débordant sur |’ Asie orientale 
et sur l’Europe septentrionale; couvre une bonne partie du subarctique.— 
Espéce si particuliére qu’on la place parfois dans une section distincte: 
DISPERMAE Ohwii (57). 

10. CAREX TRISPERMA Dewey. 

Tourbiéres.—R. a la Loutre. Rousseau 52 046.—Ellis Bay. Adams (2). 

Se rend jusqu’aux confins du subarctique; commun dans les régions tem- 
pérées, surtout dans les tourbiéres. 


VI. DEWEYANAE Tuckerm. 

11. CAREX DEWEYANA Schwein. 

Bois d’alluvions, talus.—R. des Caps. V. & R. 27 450.—R. a la Loutre. 
V. & R. 25 017.—R. Vauréal. Avec Prunus virginiana et autres plantes 
tempérées. V., R. & L.-M. 20011. Récolté par Macoun le long de la Jupiter 
(48). Noté par Schmitt, 4 Grand Ruisseau, comme assez rare (79). 

Espéce tempérée a sa limite nord. Déja notée par Dutilly et Lepage (17) a 
Rupert House, sur la baie James. 


VII. STELLULATAE Kunth 


12. CAREX ANGUSTIOR Mack. [Syn: C. stellulata Good. var. angustata Carey]. 

Platiéres, formations herbeuses.—R. Vauréal, a 1-2 milles en amont de la 
chute. Rousseau 52 129.—R. au Saumon, a environ 35 milles de la mer, en 
aval du gouffre McCormick. Rousseau 52 190. 

Atteint la limite des arbres, d’aprés Dutilly et Lepage (17). 

13. CAREX EXILIS Dewey. 

Tourbiéres.—R. a la Loutre. V. & R. 25 016.—Lac Salé. V. & R. 27 441.— 
Ellis Bay, Adams (2). 

Limité aux tourbiéres des régions tempérées (Farnham, Lanoraie, etc.), et 
vraisemblablement a sa limite nord. 

14. CAREX INTERIOR L. H. Bailey [Syn. : C. scirpoides Schk. in Willd.]. 

Endroits humides.—R. a la Patate. V., R. & L.-M. 20 114.—R. Vauréal. 
V., R. & L.-M. 20 112.—R. au Saumon. V., R. & L.-M. 20 110.—R. aux 
Becscies. V. & R. 24 996.—Pointe du Sud-Ouest. V. & R. 24 998.—Baie Ellis, a 
20 milles a l’intérieur. V. & R. 27 403.—Lac Salé. V. & R. 27 409.—R. Mac- 
Donald. VY. & R. 27 404.—Anna Lake, Anse aux Fraises. Adams (3). 

Espéce du bas subarctique, fréquente dans le secteur tempéré: marécages, 
tourbiéres, gréves, platiéres, etc. Toujours grégaire. 

15. CAREX STERILIS Willd. 


Tourbiéres, platiéres.—R. Vauréal. V., R. & L.-M. 20 109.—Ibid. a environ 
2 milles en amont de la chute. Rousseau 52 133.—R. Galiote. V. & R. 24 959, 
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24 997.—R. aux Becscies. V. & R. 24 995.—R. Dauphine. V. & R. 27 405, 
27 406.—R. Chicotte. V. & R. 24 957, 27 408.—R. du Brick. V. & R. 27 559 bis. 
—Pointe a ]’Eau Claire. V. & R. 20 111, 20 113.—R. McKane.16 juillet 1942. 
Rousseau 52 308. 


Espéce surtout subarctique. 
15a. CAREX STERILIS Willd. var. RoUSSEAUIANA Raymond (66). 
R. Chicotte: berge graveleuse a l’embouchure. Rousseau 52 333. 


Extréme de petite taille, mais 4 tiges plus grosses; trés frappant avec ses 
épis tous gynandres, rapprochés, de couleur fauve. 


VIII. OVALES Kunth 


16. CAREX CRAWFORDII Fern. 
Marécages, rivages.—Baie du Renard. V., R. & L.-M. 20 021.—R. du 
Renard. V. & R. 27 427.—Ellis Bay. Adams (2). 


Probablement a sa limite nord; récolté par Lepage & Dutilly (17) a la riviére 
Rupert et au lac Mistassini. 

17. CAREX HORMATHODES Fern. 

Rivages saumatres.—Vicinity of Ellis Bay. Adams (3). 

Halophyte de la céte atlantique, depuis la Virginie jusqu’a Terre-Neuve, ici 
a sa limite nord. 

18. CAREX PRATICOLA Rydb. [Syn: C. pratensis Drejer, non Hose]. 

Noté a “Sanatorium” par Schmitt (79), sans indication d’habitat. 


De l'Alaska au Labrador et au Gro‘nland, mais plus commun dans I’ouest de 
l’Amérique du Nord ot, d’aprés Macoun (48), il couvre parfois de grandes 
étendues. Dans le Québec, connu aux endroits suivants: Anticosti; Phély- 
peaux, Baie du Milieu, sur la Céte-Nord (Allen); l’Anse-a-Griffon, comté de 
Gaspé (Macoun); Tragadigash Mountain, comté de Bonaventure (Fernald & 
Pease); le long de la baie James et de la baie d’Hudson, jusqu’a Richmond 
Gulf (Lepage, in litt.). Bocher (6) le classe parmi les espéces ‘‘boréales- 
continentales”’. 


19. CAREX SCOPARIA Schk. 

Along logging railway; also vicinity of Ellis Bay. Adams (3). 
Espéce a sa limite nord-est. 

20. CAREX TRIBULOIDES Wahl. 

Ellis Bay. Adams (2). 


Espéce a sa limite nord-est, récoltée également par Lepage et Dutilly (17) 
a la riviére Rupert. 
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IX. POLYTRICHOIDAE Tuckerm. 
21. CAREX LEPTALEA Wahl. 


Endroits humides.—R. au Saumon. Rousseau 52 195.—R. aux Becscies. 
Macoun.—R. aux Canards. Schmitt (79). 

Secteur tempéré et secteur subarctique, jusqu’a la limite des arbres, d’aprés 
Dutilly & Lepage. Carte de distribution: Raup (62). 


X. ORTHOCERATES Foch 
22. CAREX PAUCIFLORA Lightf. 
Tourbiéres.—Lac Salé. V. & R. 27 457.—Lac Salé, baie Ellis. Macoun.— 
Baie Sainte-Claire, Grand Ruisseau, baie du Renard. Schmitt (79). 
Espéce subarctique qu'on retrouve dans certaines tourbiéres de la plaine 
alluviale (Lanoraie, etc.) 


23. CAREX MICROGLOCHIN Wahl. 

Tourbiéres.—R. a la Loutre. V. & R. 25 759, 27 436. 

Circumboréale et bipolaire, arctique-alpin, ici a sa limite sud-est. Semble 
une espéce du bas arctique ou du haut subarctique. Une des espéces intéres- 
santes de la région du Bas Saint-Laurent (Anticosti, Minganie et Terre-Neuve), 
absente de la Gaspésie. Carte de distribution: Raup (62). D’aprés Bécher 
(6), c'est une espéce subocéanique de I’arctique inférieur. 


XI. RUPESTRES Tuckern. 

24. CAREX RUPESTRIS Bellardi ex All. 

Platiéres.—R. Jupiter. V. & R. 25 230, 25 234. 

Espéce circumboréale arctique-alpine, fréquente dans I’'Ungava (Wolsten- 
holme, Wakeham Bay, Payne River, etc.), au Labrador, descendant au sud- 
est jusqu’a Anticosti, les iles Mingan et la Gaspésie: mont Jacques-Cartier, 
Percé (comté de Gaspé), monts Blanc, Fortin (comté de Matane). D’aprés 
Bécher (6), ce serait une espéce a tendances océaniques. Voir aussi Paw- 
lowski (61), Raymond (65). 


XII. SCIRPINAE Tuckerm. 

25. CAREX SCIRPOIDEA Michx. 

Talus calcaires, platiéres, parois rocheuses.—R. a la Patate. V., R. & L.-M. 
20 100.—R. Vauréal. V., R. & L.-M. 20 496, 20 497.—R. ala Loutre. V. & R. 
25 197.—R. Jupiter. Macoun; V. & R. 25 233.—R. du Brick. V. & R. 27 510, 
27 511.—R. Chicotte. Schmitt (79); V. & R. 27 512.—R. au Saumon. V. & R. 
27 509.—R. a I’Huile. Rousseau 52 078.—Lac Salé. Macoun—Lac Lacroix. 
Schmitt (79). 

Espéce fréquente dans I’arctique et les endroits exposés du secteur sub- 
arctique. Reparait méme sur les sommets dénudés des montagnes serpen- 
tineuses des Cantons de l'Est. Surtout nord-américaine, mais débordant en 
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Asie orientale et isolée en Scandinavie ot on la considére comme une relique 
de l’époque interglaciaire. Cartes de distribution: Nordhagen (56), Raup 
(62). 


XIII. DIGITATAE Fries 
26. CAREX PEDUNCULATA Miihl. 


Bois, vieilles platiéres.—R. au Fusil. V. & R. 27 433.—R. Vauréal. V. & R. 
27 442.—Lac Salé, baie des Anglais. Macoun (48).—Baie Ste. Claire, baie du 
Renard. Schmitt (79). 


Espéce tempérée, liée a l’érable 4 sucre dans le centre du Québec et qui, a 
la périphérie de son aire, change volontiers d’habitats. A Percé (Raymond), 
c’est une plante de corniche; 4 Coppermine, comté de Gaspé (Raymond, 
Dansereau & Kucyniak), aux sources de la riviére York, on la trouve dans les 
tourbiéres (14). Semble a sa limite nord-est 4 Anticosti. Sa limite nord- 
ouest, dans le Québec, serait Moose Factory, sur la baie James (Baldwin, 
Hustich, Kucyniak & Tuomikoski). Dans la région de Montréal, le Carex 
pedunculata est en fleurs dés la mi-avril. Les feuilles demeurent sous la neige 
tout l’hiver et sont encore vertes et rigides au printemps. Aprés la floraison 
de nouvelles paraissent, dont le développement sera arrété par la venue de 
l’hiver. C’est sans doute pour recevoir sa dose d’année-lumiére que cette 
plante des bois doit, plus au nord, aller s’installer dans les lieux ouverts. 
Fig. 13. 


27. CAREX CONCINNA R. Br. 


R. a la Patate. V., R. & L.-M. 20 003.—R. a la Loutre. V., R. & L.-M. 
24 975. 

Espéce des endroits exposés du secteur subarctique. Dans le nord est, 
connu jusqu’aux iles et rivages de la baie James, le lac Mistassini, et Churchill 
(Manitoba), sur la céte ouest de la Baie d’Hudson. Carte de distribution: 
Raup (62). 


XIV. ALBAE Asch. et Graebn. 


28. CAREX EBURNEA Boott. 

Rivages, dalles, platiéres et talus calcaires.—R. du Brick. Macoun (40).— 
Cap Sainte-Claire. Victorin 4040.—R. ala Patate. V. & R. 20 158.—R. Vauréal 
V. & R. 20095, 20 159; Rousseau 52 107.—R. Jupiter. V. & R. 24499; Rousseau 
51 464a.—R. de la Chute, V. & R. 27 411; Rousseau 52 428.—R. au Saumon. 
V. & R. 27 443.—Sur la berge de la riviére Sainte-Marie. Rousseau 51 403. 


Espéce essentiellement calcicole qui atteint au nord la baie James et le lac 
Mistassini; Gaspésie, ville de Québec, vallée de |’'Ottawa, occasionnel dans la 
région de Montréal (Anse-a-l’Orme) et dans la vallée du Richelieu: Philipsburg 
et Saint Armand, comté de Missisquoi. 
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XV. BICOLORES Tuckerm. 


29. CAREX AUREA Nutt. 





Platiéres, talus humides.—R. au Fusil. V. & R. 27 410, 27 761.—R. a la 
Loutre. V. & R. 25 761.—Berge du lac Wickenden. Rousseau 51 318.—R. 
Vauréal; a 1-2 milles en amont de la chute. Rousseau 52 130.—R. du Brick. 
Macoun.—Baie Sainte-Claire, Baie du Renard. Schmitt (79). 

Secteurs tempéré et subarctique. Récolté également au lac Mistassini, a sa 
limite nord. Carte de distribution: Raup (62). 


XVI. PANICEAE Tuckerm. 
30. CAREX VAGINATA Tausch. [Syn: C. saltuensis Bailey] 


Bois humides.—R. du Renard. V. & R. 27 426.—Baie du Renard. V., R. & 
L.-M. 20 144.—Baie Ellis, prés du lac Walen a 10 milles a l’intérieur. V. & R. 
27 435. 

Espéce subarctique pénétrant dans I’arctique et descendant au sud dans les 
tourbiéres du secteur tempéré. Cartes de distribution: Pawlowski (61), Raup 
(62). 


31. CAREX LiIviDA (Wahl.) Willd. 


Tourbiéres, platiéres.—Crique de la Chaloupe. V. & R. 25 210.—R. a la 
Loutre. V. & R. 25 763.—Lac Salé. V. & R. 27 440.—Berge du lac Wickenden. 
Rousseau 51 341. 


Espéce circumboréale du secteur subarctique inférieur. 





XVII. LAXIFLORAE Kunth 
32. CAREX LEPTONERVIA Fern. 


Cailloutis, bois.—R. au Saumon. V. & R. 20 000.—R. Sainte-Marie. V. & R. 
25 224.—R. des Caps. V. & R. 27 451. 


C’est l’unique espéce de la section LAXIFLORAE qui se rende aussi au nord. 
Elle atteint aussi la riviére Rupert. Les autres, moins C. ormostachya Wiegand, 
qui atteint le lac St-Jean et Le Bic, ne sortent guére de la région montréalaise. 

XVIII. GRANULARES O. F. Lang 


33. CAREX CRAWEI Dewey. 





Cailloutis calcaires, talus herbeux, platiéres.—R. a4 la Patate. V., R. & L.-M. 
20 124.—R. Vauréal. V., R. & L.-M. 20 123; Rousseau 52 089, 52 146.—R. 
Jupiter. V. & R. 25 231.—Pointe du Sud-Ouest. V. & R. 25 232; Macoun.— 
R. Galiote. V. & R. 25 221.—R. Chicotte. Rousseau 52 332. 


Espéce abondante dans la région des Grand-Lacs, trés locale dans le Québec, 
confinée a4 l’est: Gaspésie, Anticosti, Minganie. Ne va pas plus au nord, 
mais passablement loin a l’ouest. Récoltée autrefois sur l’ile de Montréal 
(McCrae). 
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XIX. SYLVATICAE Boott. 
34. CAREX CASTANEA Wahlenb. [Syn.: C. flexilis Rudge] 


Port Menier: dix milles a l’intérieur. V. & R. 27 430.—R. du Renard. 
V. & R. 27 447.—R. au Saumon. V., R. & L.-M. 20 013.—Ilbid. a environ 
35 milles de la mer, en aval du gouffre McCormick. Rousseau 52 196, 52 197.— 
R. Natiscotek. V. & R. 27 445.—R. aux Becscies. V. & R. 25 227, 25 228.— 
Pointe du Sud-Ouest. V. & R. 27 431.—R. Jupiter. V. & R. 24 498; Macoun.— 
R. des Caps. V. & R. 27 449. 

Espéce remarquable par le bicentrisme de sa distribution dans le Québec: 
subarctique inférieur (Terre-Neuve, Anticosti, Mistassini, riviére Rupert, 
Abitibi, Témiscamingue) et sud du Québec (comtés de Saint-Jean, de Stan- 
stead, d’Huntingdon). Carte de distribution: Raymond (64). 


35. CAREX ARCTATA Boott. 


Bois.—R. Vauréal. V. & R. 20 076.—Cap de l'Est. V. & R 27 428 —Ellis 
Bay. Adams (2). 


Espéce a sa limite nord-est, récoltée aussi au lac Mistassini. 


XIX bis. VIRESCENTES Kunth 

35 bis. CAREX PALLESCENS L. var. NEOGAEA Fern. (22). 

Prairies, gréves, etc. Baie Sainte Claire. Victorin 4049. 

Cette espéce presque circumboréale (elle manque en effet en Asie orientale 
et en Amérique occidentale) est fréquente et abondante dans la région de 
Montréal, la vallée du Richelieu, les Cantons de l’Est. On la connait de 
Montréal, Laval-des-Rapides, tle Ste Héléne, Longueuil, Saint-Jean, Saint- 
Armand, Sutton, Mont Joie, Acton Vale, Mégantic, Beauceville, Ste Foye. 
Mais a l’est de Québec, elle est rare, ne se trouvant plus que par petites 
colonies: Parc National des Laurentides (Gauthier), Rimouski (Lepage), 
Gaspé (Macoun), Anticosti (Victorin), et jusqu’au sud-ouest de Terre-Neuve. 

Elle croit en touffes, les parties souterraines formant un entrelacs serré. 
Mais les tiges molles et retombantes, recouvertes d’une fine pubescence, 
caractéristique de la section, ne sont pas sans grace. La plante américaine 
différe de celle d’Europe par l’absence de bec au sommet du périgyne, ce 
dernier est d’ailleurs déprimé (22). 


XX. CAPILLARES Asch. & Graebn. 


36. CAREX CAPILLARIS L. f. TyPICA Boivin. 


Falaises, gorges, prés de mer, etc.—Baie Ste Claire. Victorin 4048.—Pointe 
del’Est. V., R. & L.-M. 20 154.—R. au Fusil. V. & R. 27 432.—R. a la Loutre 
Rousseau 52 021.—R. a la Loutre. Rousseau 52 028, 52 049.—R. a l’Huile. 
Rousseau 52 070.—Cité par Macoun (48) et Schmitt (79): Lac Salé, pointe 
Sud-Ouest, baie Ellis, baie Saint-Claire, baie du Renard, sans distinction de 
variétés. 





TERT 
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36a. CAREX CAPILLARIS L. f. MAJOR Kiikenthal (43). 


Platiéres humides.—R. a la Patate. V. & R. 27 439.—Crique de la Chaloupe. 
V. & R. 25 010.—R. a la Chute. Rousseau 52 384. 


Espéce circumpolaire trés variable des secteurs arctique et subarctique. 
Atteint sa limite sud aux files de la Madeleine. Carte de distribution Raup 
(62). 


Voir Boivin (8) pour les formes mineures canadiennes. 


XXI. LIMOSAE Tuckerm. 


37. X CAREX FIRMIOR (Norm.) Holmb. 

C. limosa X rariflora. 

Lac Salé: prés de la lagune intérieure. V. & R. 25 750. 

Hybride trés frappant, déja signalé en Scandinavie ot toute la section a fait 
l’objet d’une remarquable étude par Holmberg (26). 

Les spécimens d’Anticosti ont une apparence curieuse: les périgynes trés 
gonflés dépassent de beaucoup les écailles. Holmberg signale le méme phéno- 
méne chez les spécimens scandinaves, déformation due, explique-t-il, au 
Cintractia (Anthracoidea) Caricis (Pers.) Magnus. 

38. CAREX LIMOSA L. 

Tourbiéres, platiéres.—Lac Salé. Macoun.—R. Vauréal: a 1-2 milles en 
amont de la chute. Rousseau 52 124.—Au centre de l'ile; entre le 10 iéme mille 
de la Riviére au Saumon et la source du Crique 4 la Chaloupe. Rousseau 52 258. 
Cité aussi par Verrill (80). 

Espéce subarctique, existant au sud dans les tourbiéres: Lanoraie, Saint- 
Hubert, etc. 


39. CAREX PAUPERCULA Michx. [Syn: C. magellanica Lam.]. 

Tourbiéres, prairies humides.—Lac Salé. V. & R. 25 750.—Crique de la 
Chaloupe. V. & R. 25 218.—Lac Salé. V. & R. 27 452.—Lac a la Croix. V. & R. 
27 419.—Récolté par Macoun: Lac Salé, baie Ellis, baie des Anglais (48), et 
par Schmitt 4 Pointe-Ouest (79). 

Espéce subarctique et bipolaire, existant au sud dans les tourbiéres. Carte 
de distribution: Du Rietz (16). 


40. CAREX RARIFLORA (Wahl.) J. E. Smith 

Tourbiéres.—Lac Salé. Macoun 159.—Pointe de l’Est. V. & R. 20 139.— 
Pointe du Sud. V. & R. 27 420. 

Espéce circumpolaire arctique et subarctique extrémement grégaire dans 
son habitat, ici presque a sa limite sud. 
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XXII. ATRATAE Fries 


41. CAREX ATRATIFORMIS Britton [Syn: C. atrata L. var. ovata (Rudge) 
Boott]. 


Mousse des bois humides, sources, etc.—Baie Ellis. V. & R. 27 438.—Baie 
du Renard. V. & R. 20 144.—R. Natiskotek. V. & R. 27 446.—Anse aux 
Fraises. Rousseau 52 056; Adams (3).—Récolté par Macoun (48) a la R. 
Jupiter et 4 la R. aux Becscies. 

Espéce subarctique dont la limite sud-est est la vallée de la Chaudiére 
(Anselme), et qui atteint au nord la limite des arbres (17). Remplacé dans 
l’arctique par C. atrata L., circumboréal, récemment découvert 4 Fort Chimo 
(Ungava) par John Marr. 


42. CAREX BuxBAumi Wahl. [Syn.: C. polygama Schk.]. 


R. a la Patate. V. & R. 20 141.—R. au Saumon. V., R. & 
L.-M. 20 140.—lbidem, a environ 35 milles de la mer, en aval du gouffre 
McCormick. Rousseau 52 189.—R. aux Becscies. V. & R. 25 225.—R. Vauréal, 
a 1-2 milles en amont de la chute. Rousseau 52 125, 52 090.—Cité par Macoun; 
lac Salé, riviére Jupiter (48), et par Schmitt: baie Sainte-Claire, baie du 
Renard (79). 

Espéce circumpolaire subarctique, remplacée dans I’arctique par C. adelo- 
stoma V. Krecz. (41), récolté récemment a Fort Chimo par Jim A. Calder, et a 
Hebron (Labrador) par Hustich (Mem. Soc. F.F. Fenn. 19 : 192-201. 
1944-1945); et au Labrador par C. Morrisseyi Porsild (Sargentia IV: 21-22. 
1943). Voir plus loin Fig. 5. 





Tourbiéres. 


42a. CAREX BuxBAUMII Wahl. var. ANTICOSTENSIS Raymond (66). 


R. du Renard: sur les dalles calcaires du rivage. V. & R. 27 424.—R. au 
Fusil; en marge des vieilles platiéres au-dessus des gorges. V. & R. 27 458. 

Parmi toutes les variations qui ont été décrites en Europe (38), aucune ne 
ressemble a celle-ci: les arétes dépassent les périgynes et sont munies de chaque 
cété de petites aspérités, comme chez C. crinita Lam. L’abondance et la 
couleur des papilles donnent aux périgynes une allure pubescente visible a 
la loupe faible. 


43. CAREX HARTMANI Cajander, Ann. Bot. Soc. Zool.-Bot. Fenn. Vanamo, 5 
(5): 23. 1935. (février). [Syn.: C. emasculata V. Krecz., In Komarov, FI. 
URSS, III: 277, 604. 1935 (avril).—C. Buxbaumii var. macrostachya Hartman, 
Handb. Scand. FI. 268. 1849.—C. Buxbaumii var. australis Anderss., Cyper. 
Scand., 39-40. 1849.—C. Buxbaumit var. cylindrostachya Beurling, Bot. Not., 
35. 1853]. 


Tourbiéres. 





Baie Ste. Claire. Aofit 1917. Victorin 4044. 


Nouveau pour |l’Amérique du Nord. Au point de vue végétatif, ressemble 
a C. Buxbaumii. S’en distingue par l’épi terminal cylindrique, long de 
15-39 mm., et d’un diamétre d’environ 5 mm., gynandre, a fleurs m4les trés 
peu nombreuses. Epis latéraux de mémes dimensions que le terminal et tous 
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semblables entre eux. Ecailles dépassant les périgynes et atténuées en une 
aréte. Périgynes longs de 2-3 mm., presque ronds, a peine papilleux, sur- 
montés de 2 dents courtes, mais aigués. Achaines emplissant complétement 
les périgynes. 

QOccupe le sud de l’air de Carex Buxbaumii (44): sud de la Norvége, de la 
Suéde, de la Finlande, Allemagne, etc. En Amérique du Nord, remarqué 
jusqu’ici qu’a l’ile d’Anticosti, mais existe certainement ailleurs dans l’est du 
Québec. Carte de distribution: Kreczetowicz (42). Espéce atlantique, 
reliquale en Amérique du Nord. Voir Fig. 5. 


44. CAREX MEDIA R. Br. in Richardson, in Frankl. [Syn.: Carex alpina Sw. 
var. inferalpina sensu Fern. (1933), mais non Wahlenb. (1812).—Carex 
angarae Steud. (1855).—Carex norvegica Retz., non Willd., subsp. inferalpina 
(Wahlenb.) Hultén (1942).—Carex Halleri, C. alpina et C. Vahlii auct. 
fennoscand., ross. et boreoamer.]. 

Tourbiéres.—R. Jupiter. Macoun (48).—Baie Ellis. Schmitt (79). 

Espéce de la forét canadienne s’étendant depuis I|’Alaska, le Yukon, 
l’Alberta, le centre du Manitoba, la région des Grands-Lacs et la baie James, 
jusqu’au cap Jones, pour reparaitre 4 Anticosti, en Gaspésie, au nord du 
Nouveau-Brunswick, 4 Terre-Neuve et au sud du Labrador. Cartes de 
distribution géographique: Fernald (21), Kalela (39), Raup (62). Voir plus 
loin Fig. 4. 

XXIII. ACUTAE Fries 

45. CAREX AQUATILIS Wahl. 

Endroits humides, cailloutis, terrasses, etc.—Ruisseau Harvey. Victorin 
4359.—R. a la Patate. V. & R. 20 037, 20 038.—R. au Saumon. V. & R. 
20 039.—Sand-Top. V., R. & L.-M. 20 228.—R. Sainte-Marie. V. & R. 25 006, 
25 754.—R. ala Loutre. V. & R. 25 753.—R. Jupiter. V. & R. 25 007.—R. du 
Brick. V. & R. 27 479.—R. Dauphine. V. & R. 27 484.—R. du Renard. 
V.& R. 27 481.—Sand-Top. V. & R. 27 480.—R. Natiskotek. V. & R. 27 482. 
—Gréve du lac Wickenden. Rousseau 51 362.—R. Vauréal, a 1-2 milles en 
amont de la chute. Rousseau 52 126, 52 092 —R. au Saumon. V. & R. 20 039. 
—Ibidem. a environ 35 milles de la mer, en aval du gouffre McCormick. 
Rousseau 52 192.—Cité par Schmitt: Baie Sainte-Claire, baie du Renard (79), 
et par Macoun: Lac Salé, R. aux Becscies (48). 

Espéce des secteurs tempéré et subarctique passant dans I’arctique au var. 
stans (Drejer) Boott (9). Carte de distribution: Raup (62). 

45a. CAREX AQUATILIS Wahl. var. ALTIOR (Rydb.) Fern. [Syn: C. substricta 
(Kiikenthal) Mackenzie]. 

Endroits humides.—Cap 4 la Baleine. Victorin 4038.—Sur la berge du lac 
Wickenden. Rousseau 51 350. 


Phase moins boréale que C. aquatilis, transcanadienne, atteignant au sud 
le Nouveau-Mexique et la Californie: Fernald (22). 
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46. CAREX NIGRA (L.) Reichard (Syn: C. vulgaris Fries, C. rigida Good., 
C. Goodenowii J. Gay, C. Goodenowghii Aschers.]. 


Pointe du Sud-Ouest. Macoun. 


Dans le Québec, cette espéce grégaire est confinée aux rivages estuariens, 
prairies saumatres, prés de mer, depuis l’ile d’Orléans jusqu’au sud du Labrador. 
Pour la synonymie: Fernald (22). Le groupe est particuliérement critique 
en Europe (35). 


XXIV. CRYPTOCARPAE Tuckerm. 

47. CAREX LYNGBYEI Hornem. 

Gréves saumatres.—Sand-Top V., R. & L.-M. 20 133, 20 229, 20 230;V. & 
R. 27 413. 

Espéce des rivages maritimes arctiques a aire disjointe: sud du Groénland, 
Islande, iles Faroés, ouest de la Norvége (?), Anticosti et Labrador; depuis la 
péninsule de Chukch jusqu’a la Corée et le Honshu et depuis I’Alaska jusqu’a 
la Californie. On tient parfois 4 part la phase pacifique: ssp. cryptocarpa 
(C. A. Meyer) Hultén (31). Carte de distribution: Hultén (30). 


48. CAREX PALEACEA Wahl. [Syn.: C. maritima O. F. Miill., non Gunnerus]. 


Marais saumatres.—Lac Salé. V. & R. 24 519.—Baie du Renard. V., R. & 
L«M. 20 135. 


Espéce des rivages maritimes, 4 épis retombants, croissant souvent en 
grandes formations, autour des mares, depuis le Groénland jusqu’au Massa- 
chusetts. Trés abondante autour du Golfe Saint-Laurent. 


49. CAREX RECTA Boott [Syn.: C. salina Wahl. var. kattegatensis (Fries) 
Almq.]. 


Marais saumatres.—R. au Saumon. V., R. & L.-M. 20 035.—Pointe de l'Est. 
V., R. & L.-M. 20 034.—Lac Salé. V. & R. 27 417. 

Espéce des rivages maritimes du nord-est de l'Amérique du Nord et du 
nord-ouest de |’Europe. Le type provient du Labrador. En Amérique du 
Nord, s’étend depuis le Labrador jusqu’au Massachusetts, pour reparaitre 
le long des rivages de la baie James et de la baie d’Hudson od, selon Dutilly 
& Lepage (17), elle atteindrait le golfe de Richmond. Remonte le fleuve 
Saint-Laurent jusqu’au comté de Bellechasse. Contrairement a l’opinion de 
Mackenzie (47), serait absent de I’Alaska, d'aprés Hultén (31). Ce serait 
donc une espéce euryatlantique. 


49a. CAREX RECTA Boott var. OSTROBOTTNICA (Almq.) Hylander (33). 
Lac Salé. V. & R. 24 494, 24 295. 


Extréme de grande taille (30-65 cm. de hauteur), a épis claviformes, un 
peu renflés au milieu, atteignant 9 cm. de longueur; écailles plus larges. 


Décrit de la région du golfe de Botnie, et nouveau pour |’Amérique du 
Nord. 





———— 
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50. X Carex Saxeni Raymond, hybrida nova. 
C. paleacea Wahl. X C. recta Boott. 


Anse 4 Capelan (prés de Charleston Point); sur les sables d'une petite 
lagune, formant une forte colonie. 26 juillet 1925. Victorin & Rolland 20 032. 
—(TypE dans |’Herbier MARIE-VIcCTORIN). Déja décrit de la Finlande par 
Saxén (65) dans une étude trés minutieuse du groupe. Nous lui dédions cet 
hybride qu’il a bien caractérisé. Sa description se lit ainsi: 

Carex maritima O. F. Miill. X salina ssp. cuspidata Wg. v. kattegatensis (Fr.) 
Almqu.—@ Pedunculis robustioribus et brevioribus quam in C. maritima, ob 
eamque rem spiculis plurimum erectis nonumque tamen pendulis; 2 aristis 
Squamarum gracilioribus quam in var. kattegatensi, brevioribus quam in 
C. maritima sed longioribus quam in C. kattegatensi; aristis & squamarum 
multo brevioribus quam in C. maritima; utriculo vulgo sterili neque ut in 
C. maritima nervoso. 


Cette plante, qui ressemble 4 C. paleacea Wahl., mais dont les épis moins 
gros et moins longs sont dressés, semble étre ce que Fernald a désigné sous le 
nom de C. paleacea f. erectiuscula Fern. (22) 


XXV. PALUDOSAE Fries 

51. CAREX LASIOCARPA Ehrh. var. AMERICANA Fern. (22). 

Endroits humides.—R. au Saumon. V. & V. 20 083.—R. ala Loutre. V. & R. 
25 758.—Lac Salé. V. & R. 24 520.—Pointe du Sud-Ouest. V. & R. 25 217.— 
R. ala Loutre. V. & R. 27 477.—Pointe de l'Est, V. & R. 27 478.—R. Jupiter 
et baie des Anglais. Macoun (48).—Grand Ruisseau et baie du Renard. 
Schmitt (79). 

Espéce commune par tout le Québec tempéré et subarctique. 

52. CAREX LANUGINOSA Michx. var. ORIENS Raymond (66). 

Lac Salé: prairie saumatre. Ecailles fortement colorées; épi trés gros pour 
l'espéce. V. & R. 27 416. 

Trés caractéristique avec ses épis gros et courts et ses écailles marquées 
de deux bandes rouges. Le type de Michaux conservé au Muséum d'Histoire 
Naturelle de Paris et dont I'Institut botanique de I’Université de Montréal 
posséde une photo, provient du lac Mistassini. C’est une plante plutdét gréle 
a épis étroits. Le fait que la phase décrite ici se retrouve également aux iles 
Saint-Pierre et Miquelon (Le Hors 67) nous incline a y voir une bonne variété 
géographique. 


53. CAREX LACUSTRIS Willd. [Syn.: C. riparia var. lacustris (Willd.) Kiik.]. 
R. ala Loutre. V. & R. 25 764, 27 412.—Pointe Sud-Ouest. V. & R. 25 648. 


Espéce du secteur tempéré, ici a sa limite nord. 
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XXVI. EXTENSAE Fries 


Sous-section Flavae (V. Krecz.) Raymond, n. comb.—Section Nasthanta 
(Boern) V. Krecz. ‘Cycle’ Mystikis (Rafin.) V. Krecz. ‘‘Riad’’ Flavae V. 
Krecz., in Komarov, Flora URSS, III: 386-387. 1935. 


Sous-section Parviflavae (V. Krecz.) Raymond, n. comb.—‘‘Riad” Parvi- 
flavae V. Krecz., loc. cit.: 389. 


54. CAREX FLAVA L. 

Platiéres, cailloutis, endroits, humides.—Cap a l’Ours. Victorin 4037. 
—Ruisseau Harvey. Victorin 4046, 4047.—R. Jupiter. V. & R. 25 302, 25 305. 
—R. Natiskotek. V. & R. 27.493.—Ruisseau de la Baleine. V. & R. 25 304.— 
R. aux Becscies. V. & R. 25 301, 25 306.—R. Dauphine. V. & R. 27 494.— 
R. Vauréal. V., R. & L.-M. 20 061, 20 066; Rousseau 52 106.—R. au Saumon. 
V., R. & L.-M. 20 065.—Ibidem: Aa environ 35 milles de la mer, en aval du 
gouffre McCormick. Rousseau 52 188.—R. ala Patate. V., R. & L.-M. 20 062. 
—R. Galiote. V. & R. 24 991.—Sand-Top. V., R. & L.-M. 20 063.—Gréve du 
lac Wickenden. Rousseau 51 367, 51 342, 51 359.—R. Sainte-Marie. Rousseau 
51 421.—Sur les tables de calcaire qui bordent le ruisseau Cailloux. Rousseau 
51 443. 


Espéce euryatlantique, trés commune dans le secteur tempéré du Québec et 
dans le subarctique inférieur. Atteint sa limite nord vers la riviére Rupert. 
Carte de distribution eurasiatique: Kreczetowicz (42). 

Une espéce voisine s’étendant depuis la Russie boréale-occidentale jusqu’a 
l’Alborussie et la Pologne, plus petite dans toutes ses parties et de couleur 
verte, a recu le nom de C. flavella V. Krecz. (41). 


55. CAREX CRYPTOLEPIS Mack. 

Platiéres, berges endroits humides.—Valley of Jupiter River. Aug. 20, 1883. 
Macoun. 

Espéce tempérée connue sporadiquement dans le Québec depuis la vallée de 
l’Ottawa jusqu’au lac St-Jean, la Gaspésie et Anticosti. 


56. CAREX HostrANA DC. var. LAURENTIANA Fern. & Wiegand [Syn: 
C. fulua Good.; C. Hornschuchiana Hoppe var. laurentiana Fern. & Wiegand; 
C. fulvescens Mack.]. 


Gorges, platiéres, prairies naturelles, tourbiéres——R. Chicotte, V. & R. 
27 462.—R. des Caps. V. & R. 24 955, 27 462, 27 463, 27 464.—R. Dauphine. 
V. & R. 27 465.—R. au Saumon. V. & R. 20 042, 20 051.—Sand-Top. Avec 
Gentiana nesophila, etc. V. & R. 20 043, 20 045, 20 046.—R. Galiote. V. & R. 
24 969.—R. Jupiter. V. & R. 24 972. 


‘ileteinig ere 
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Espéce atlantique reliquale en Amérique du Nord: iles Saint-Pierre et 
Miquelon, Terre-Neuve et Anticosti (49). Carte de distribution: Marie- 
Victorin (51). 


57. CAREX LEPIDOCARPA Tausch. 

Endroits, humides, platiéres, tourbiéres, etc—R. au Saumon. V., R. & 
L.-M. 20 047, 20 050; Rousseau 52 212.—Sand-Top V., R. & L.-M. 20 054.— 
R. McDonald. V., R. & L.-M. 20 052; V. & R. 27 488.—R. Jupiter. V. & R. 
24 970, 24 971.—Crique de la Chaloupe. V. & R. 24 967.—R. A la Loutre. 
V. & R. 24 977.—R. ala Loutre. V. & R. 24 978, 24 979, 27 489.—R. Dauphine. 
V. & R. 27 486, 27 491.—R. au Fusil. Avec Scirpus Rollandit. V. & R. 27 466. 
—R. Vauréal. Rousseau 52 128. 

Espéce euryatlantique, ici 4 sa limite nord. Pour sa distinction d’avec 
Carex flava: Nelmes (55), Wiinstedt (81). Hybride avec les autres espéces de 
la méme section. 


58. X CAREX PIEPERIANA P. Junge. 

C. lepidocarpa X C. flava. 

Platiére —R. Natiskotek. V. & R. 27 490 (in part.).—R. McKane. V. & R. 
27 487; Rousseau 52 307.—R. Vauréal. V. & R. 20 048.—R. au Saumon. 
Rousseau 52 109.—Crique a la Chaloupe. Rousseau 52 280.—R. Jupiter. 
Rousseau 52 425. 

Hybride caractéristique, existant aussi bien en Europe (36, 37) qu’en 
Amérique du Nord (21). 


59. & CAREX PSEUDO-FULVA Fern. 

C. lepidocarpa X* C. Hostiana var. laurentiana. 

Platiéres, berges, etc.—R. a la Loutre. V. & R. 24 973, 24 976.—Anse aux 
Fraises. Rousseau 52 061.—R. Vauréal. Rousseau 52 061.—R. au Saumon. 
Rousseau 52 177.—R. a la Loutre. Rousseau 52 025. 


Il existe un hybride européen paralléle de C. lepidocarpa * C. Hostiana 
typique (X C. Leutzii Kneucker). 


60. CAREX DEMISSA Hornem. [Syn: C. tumudicarpa Anderss.; C. Oederi au 
sens traditionnel (50), non Retzius]. Voir Nelmes (53), Wiinstedt (82). 

R. au Saumon. V., R. & L.-M. 20 056.—Pointe de |’Est. V., R. & L.-M. 
20 058.—Pointe Sud-Ouest. V. & R. 24 982.—R. des Caps. V. & R. 27 475. 


Espéce euryatlantique boréale qui, dans |’Amérique du Nord, est limitée 
au nord-est: Islande; Céte-Nord, Gaspésie, iles de la Madeleine; Nouvelle- 
Ecosse, Nouveau-Brunswick; Maine et Terre-Neuve. 
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61. X CAREX SUBVIRIDULA (Kiikenthal) Fern. 

C. viridula X C. flava. 

R. Vauréal: sur le cailloutis calcaire des platiéres. V., R. & L.-M. 20 068. 
Existe aussi 4 Terre-Neuve (21). 


62. CAREX VIRIDULA Michx. 


Platiéres, dalles calcaires, etc.-—R. Dauphine. V. & R. 27 473.—R. Natiskotek. 
V. & R. 27 472.—R. Jupiter. V. & R. 24 981; Rousseau 51 468.—R. McKane. 
V. & R. 27 476.—R. du Renard. V. & R. 27 474.—Crique de la Chaloupe. 
V. & R. 24 983. 

Espéce transcanadienne débordant 4a la fois sur le Groénland et sur I’Asie 
orientale. Se distingue tout de suite des espéces voisines par ses feuilles 
étroites, son épi terminal gynandre et sa distribution géographique bien 
caractéristique. 

Il existe en Scandinavie et en Russie nordique une espéce voisine de C. 
viridula. L’utricule est trés petit, complétement rempli par l’achaine. C’est 
le C. pulchella (Loennr.) Lindm. [non Berggren, 1878; nec Th. Holm. 1903]. 
On distingue plusieurs variations: f. minuscula Wiinst., f. majuscula Wiinst., 
f. capitulata Wiinst. (82). 


Palmgren (59) cite encore dans le méme groupe un C. Kotilaini et un C. 
Bergrothii, aggravés de quelques hybrides. 


On voit par 14 que toute la section demande une sévére révision critique par 
quelqu’un qui aurait pratiqué ces espéces sur le terrain tant en Europe qu’en 
Amérique du Nord. Probablement qu’un grand nombre de ces noms font 
double emploi ou représentent des variations saisonniéres paralléles (66). 


62a. CAREX VIRIDULA Michx. f. CLANDESTINA Raymond (66). 

R. Vauréal: sur le cailloutis calcaire humide. V., R. & L.-M. 20 060.—Berge 
du lac Wickenden. Rousseau 51 338.—R. Vauréal: 4 1-2 milles en amont de 
la chute; sur des platiéres graveleuses. Rousseau 52 123. 

Facilement reconnaissable a ses épis portés sur des hampes télescopées, com- 
plétement cachés a la base du feuillage, comme chez certaines espéces de la 
section MONTANAE. Ne pas confondre avec les formes naines de Carex 
demissa Hornem. ou de C. serotina Mérat. C. viridula f. clandestina se distin- 
guera facilement par ses feuilles étroites et son épi terminal gynandre. 


63. & CAREX XANTHINA Fern. 


C. flava X C. Hostiana var. laurentiana. 


Platiéres.—R. Natiskotek. V. & R. 27 490a.—R. au Saumon. V. & R. 
27 495.—R. a la Loutre. V. & R. 24 980. 


Il y aurait peut-étre lieu de donner ici une clé pour séparer les diverses 
espéces québécoises de la section EXTENSAE, moins C. Hostiana suffisamment 
différencié, en nous inspirant des travaux récents de Palmgren (59), Nelmes 
(55), Wiinstedt (82) et Kreczetowicz (41). 
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SECTION EXTENSAE Frigs (1835) 

A. Utricules plus ou moins gonflés, longs de 4-7 mm., habituellement fortement récourbés; 
plantes hautes de 10-70 cm., presque toujours de grande taille. Sous-section FLAVAE 
(V. Krecz.) Raymond, Can. J. Research, C, 28: 422. 1950. 

B. Epis femelles de 2 a 3, parfois 4, mais jamais réduits 4 1, tous tassés avec |’épi 
male terminal; utricules longs de 5-7 mm., plus longs lorsque droits.—Des deux 
cétés de |’ Atlantique, avec forte pénétration continentale de part et d’autre; 
isolé au lac Baical, mais absent du domaine pacifique. 

C. Périgynes gonflés abruptement contractés en bec.—Général. C. flava L. 

CC. Périgynes subulés.—Gaspésie......... C. flava L. var. gaspensis Fern. 

BB. Epis femelles 1,2,3, rarement 4, tous distants les uns des autres, l’inférieur parfois 
trés éloigné des autres. 

C. Bec du périgyne lisse; écailles nettement cachées par les périgynes.— 

Depuis Terre-Neuve jusqu’au New-Jersey et a l’ouest jusqu’aux Grands- 


Bich onvicee SAWS CLT gaa ANS Ss san hou we C. cryptolepis Mack. 

CC. Bec du périgyne serrulé; écailles nettement teintées de rouge.—Des deux 

cétés de l’Atlantique, mais pluté6t océanique...... C. lepidocarpa Tausch. 

AA. Utricules longs de 1.5-3.5 mm. moins gonflés et 4 bec droit; tiges longues de 2.5-35 mm. 


et souvent trés sédiaites lorsque la plante croit sur les platicres, rivages, etc. Tiges 
droites, arquées au semi-décombantes. Sous-section PARVIFLAVAE (V. Krecz.) Raymond, 
Can. J. Research, C, 28: 422. 1950. 


B. Tiges arquées ou semi-décombantes; tiges et feuilles d’A peu prés méme longueur; 
feuilles larges de 2-4.5 mm.; épi male pédonculé; épis femelles habituellement 
en deux groupes; un groupe de 3 entourant l’épi male et un seul épi situé plus bas 
que la moitié de la tige; bec du périgy ne aussi long que le corps.—Nord-ouest de 
l'Europe, reliqual dans le nord-est de I’ Amérique du Nord. Il est possible que tout 
ce qui a passé jusqu’ici pour C. Oederi Retz., appartienne ici. C. demissa Hornem. 

BB. Tiges dressées; bec du périgyne plus court que le corps; feuilles étroites (1-3 mm.) _ 


C. Plantes d’un vert jaunatre; feuilles filiformes, larges de 1-2 mm. Lorsque 
sur les rivages il y a une seconde floraison tardive, les feuilles sont alors 
plus larges. Epi terminal sessile et androgyne, les fleurs males basilaires, 
a peine v isible s, tant les périgynes sont nombreux; épis femelles groupés 
autour de I’ épi terminal.—Depuis le Groénland, Terre-Neuve et le New- 
Jersey jusqu’en Alaska et en Californie, débordant sur I’Asie orientale. 


D. Tige fructiféres aussi longues ou plus longues que les feuilles. 
E. Périgynes longs de 2-3.5 mm....... C. viridula Michx. 


EE. Périgynes longs de 1.5 mm.; rivages estuariens. . 
C. viridula Michx. f. praia: «i (Vict.) Raymond 


DD. Tiges fructiféres beaucoup plus courtes que les feuilles......... 
C. viridula Michx. f. clandestina Raymond 


CC. Plantes d'un vert clair; épi terminal exclusivement m4le; épis femelles— 
parfois rasse >mblés au sommet, parfois en deux groupes distincts.— 
Espéce a peut-étre reliquale (iles de la Madeleine ?) dans le 
nord-est de l’Amérique du Nord.................5-. C. serotina Mérat 


XXVII. FOLLICULATAE Mack. 


64. CAREX MICHAUXIANA Bockl. [Syn: C. rostrata Michx., non Stokes; 
C. abacta Bailey]. 

Tourbiéres.—Entre la source de la Riviére Vauréal et la source de la riviére 
au Saumon, au centre de I'ile; dans une tourbiére. Rousseau 52 168. 

Nouveau pour la flore de I’ile Anticosti. Espéce du subarctique inférieur 
s’étendant depuis la riviére Rupert (Michaux) jusqu’a Il’ile Anticosti, Terre- 
Neuve (La Pylaie), atteignant au sud Nominingue (comté de Labelle), les 
Laurentides aux environs de la ville de Québec et la Gaspésie. 
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XXVIII. LUPULINAE Tuckerm. 


65. CAREX INTUMESCENS Rudge var. FERNALDII Bailey. 


Gréves, alluvions, bois humides, etc.—R. au Saumon. V. & R. 20 092, 
20 029.—R. aux Becscies. V. & R. 24 525, 25 301.—R. du Renard. V. & R. 
27 425. 


Espéce du secteur tempéré, caractéristique des bois humides, ici a sa limite 
nord. Le type est un peu plus méridionai et atteint 4 peines nos confins sud 
(28). 


XXIX. VESICARIAE Fries 
66a. CAREX MILIARIS Michx. var. AUREA Bailey (5). 


Berge du lac Wickenden. Rousseau 51 341. 


Cette phase est trés frappante et bien caractérisée par Bailey (loc. cit. p. 37). 
L’Herbier Marie-Victorin contient également les récoltes suivantes: Outlet 
of Moosehead Lake, Maine. Porter —Sur les sables de la Péribonka. Victorin 
15 098. 


66b. CAREX MILIARIS Michx. var. MAJOR Bailey (5). 


R. Jupiter. Macoun 20 414; V. & R. 25 008, 25 009.—R. du Renard V. & R. 
27 471.—R. Natiskotek. V. & R. 27 468, 27 469, 27 470.— Berge du Lac Wicken- 
den. Rousseau 51 329, 51 337. 


Le Carex miliaris Michx. typique ne semble pas se rencontrer 4 Anticosti. 
Le type, conservé a Paris, et dont I'Institut botanique de l'Université de 
Montréal posséde une photographie, représente un plante gréle. II porte la 
note: Hab. in paludosis Borealib. Canada praesertim ad Lacus Mistassinos 
dictos, ainsi qu’une observation inédite de J. Gay: ‘Torrey le connait mal, 
lorsqu’il le place entre C. oligosperma & bullata (cf. Ann. of the Lyc. III, 
p. 421), car ces deux espéces ont 3 stigmates, tandis que le C. miliaris est 
indubitablement a 2 stigmates”. J. Gay 1838.* 


Quelques botanistes (15) considérent a tort le Carex miliaris pourtant 
limité au nord-est de l’Amérique du Nord, comme la phase subarctique de 
Carex saxatilis L. Toute la sous-section, comprenant C. miliaris Michx., 
C. rhomalea (Fern.) Mackenzie (notre C. miliaris var. major Bailey), C. saxatilis 
L., C. physocarpa Presl, C. rotundata Wahl., demande une sérieuse révision 4 
échelle mondiale. 


* Gay projetatt une longue étude sur les Carex, dans laquelle il se proposait d’ étudier les espéces 
rapportées d’ Amérique du Nord par Michaux. Son étude porte le titre: De caricibus quibusdam 
minus cognitis, vel novis, vel quoad synonymiam aut distributionem geographicam illustrandis, 
tmprimis de Michauxianis Boreali-A mericants, et de genere novo ad Cyperacearum tribum eamdem 
pertinente—Ad Caricearum historiam, hanc qualemcunque suam Symbolam affert J. Gay. Ann. 
Sct. Nat. (2). 10: 279-308; 355-365; 11: 177-199. 1838. La suite ne parut jamais et l’herbier de 
Gay ayant été vendu au Jardin botanique de Kew, en 1868, il nous a été impossible, aprés enquéte 
aupres de nos collégues du Muséum de Paris, de retracer ce manuscrit dont l’inventaire, fait lors de 
a mort du grand botaniste, nous assure pourtant I’ existence. 








in son De 








RAYMOND: CYPERACEES DE L'[LE ANTICOSTI 427 


67. CAREX RETRORSA Schwein. 


Endroits humides, alluvions, etc.—Anse au Capelan. V., R. & L.-M. 20 084, 
20 093.—R. au Saumon V., R. & L.-M. 20 091, 20 094.—R. aux Becscies. 
V. & R. 25 226—R. McKane. V. & R. 27 423—Berge du Lac Wickenden. 
Rousseau 51 333. 


Espéce caractéristique des marécages du secteur tempéré qui s’asséche a 
la fin de l’été, ici a sa limite nord-est. D’aprés Dutilly & Lepage (17), la 
limite nord-ouest dans le Québec serait le lac Mistassini. 


67a. CAREX RETRORSA Schwein. var. HARTI (Dewey) Gray. 

Endroits humides, platiéres sablonneuses.—R. au Saumon V. & R. 27 444.— 
Berge du lac Wickenden. Rousseau 51 333 bis. 

Variété peu fréquente dans le Québec. Les épis plus gréles sont éloignés 
les uns des autres et portés au bout de longs pédoncules. 


67b. CAREX RETRORSA Schwein. var. ROBINSONII Fern. 
Alluvions. R. au Saumon. V., R. & L.-M. 20 094. 


Chez cette variété, également locale, les épis sont gréles, mais sessiles. 


68. CAREX ROSTRATA Stokes [Syn: C. inflata Hudson (54)]. 


Endroits humides, formant des zones distinctes le long des ruisseaux, etc.— 
Lac au Petit Rat. Victorin 4036.—R. au Saumon. V., R. & L.-M. 20 015, 
20 017.—R. aux Becscies. Macoun 274; V. & R. 24 512.—Crique a la Chaloupe. 
V. & R. 25 198.—Baie Ellis: 4 20 milles a l’intérieur. V. & R. 27 414. 


68a. CAREX ROSTRATA Stokes var. AMBIGENS Fern. (18). 


Riviére au Saumon, a environ 35 milles de la mer; en aval du gouffre Mac- 
Cormick, dans la formation herbeuse. Rousseau 52 199. 


La plante est gréle et les épis ovoides et courts. Sporadique dans le Québec: 
comtés de Gaspé, de Bonaventure. Connu ensuite dans le nord du Maine et 
au Nouveau-Brunswick. 


68b. CAREX ROSTRATA Stokes var. ANTICOSTENSIS Fern. (22, 23) [C. vesicaria 
var. Grahami sensu Marie-Victorin (49), non Boott (9)]. 


Petite Riviére. Sur les rivages, dans l’eau profonde. V. & R. 25 755, 25 766, 
25 767 (TYPE). 

Variété locale 4 bec du périgyne émarginé, 4 dents courtes, a écailles 
oblongues-ovées d’un pourpre vif. Avec C. rostrata var. borealis (Hartm.) 
Kiikenthal, établit sans doute la transition vers C. rotundata Wahl., espéce 
mal comprise et mal connue en Amérique du Nord. II faut amender la 
description originale de var. anticostensis: ‘‘spica foeminea 1-2-3’ au lieu de 
“solitaria’’. 
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68c. CAREX ROSTRATA Stokes var. UTRICULATA (Boott) Bailey (5). 
R. la Loutre. V. & R. 27 413. 


Les épis sont longs, nettement pédonculés et les écailles, longuement 
atténuées, dépassent les périgynes. C’est la phase la plus répandue en 
Amérique du Nord. 


Le Carex rostrata constitue un type polymorphe dont le nombre des variétés 
fait foi. Sur du matériel scandinave, Heilborn, Léve & Love ont trouvé 
2n=76. Ehrenberg pour sa part note 2 n=c. 60, alors qu’avec du matériel 
américain de Pennsylvanie (appartenant au var. utriculata) Wahl a trouvé 
2 n=82 (46). 

Dans le Québec, cette espéce hydrophile a une trés vaste distribution. 
Dutilly & Lepage la notent jusqu’a la riviére Wiachouan, vers 56° lat. N. 
Au Labrador, on la connait de Makovik (Hustich) et d’Anatolak (Sewall). 
Sa limite boréale coinciderait donc avec celle des arbres. Carte de distri- 
bution: Raymond (65). 

69. & Carex Josephi-Schmittii Raymond, hybrida nova. 

C. intumescens var. Fernaldit X C. retrorsa. 

Perigyniis similibus Carici intumescenti, sed foliis bracteisque, sicut in Carice 
retrorsa multo superantibus culmos.—Riviére au Saumon: alluvion des plati- 


éres. 3 aofit 1925. Victorin, Rolland & Ls.-Marie 20 085 (Type dans |’Herbier 
MARIE-VICTORIN). 





Espéce dédiée au naturaliste frangais Joseph Schmitt, qui consacra, au 
début du siécle, un livre remarquable a I’histoire naturelle de l’ile d’Anticosti 
(79), ot il séjourna longtemps, a titre de médecin, a la demande de Henri 
Menier. Il y fit d’importantes collections. Une série de ses récoltes de 
plantes est au Musée d’Histoire Naturelle de Paris. On trouvera sa photo 
dans l’ouvrage de Mgr. Guay (25). Nous avons adopté cette graphie pour 
éviter une possible confusion soit avec le Carex Schmidtit Meinsh (section 
AcuTAkE), de I|’Asie orientale, soit avec l’hybride X Carex Schmidtiana F. 
Schultz (C. rostrata X C. Pseudo-Cyperus). 


(2) Genre Kobresia Willd. 

70. KOBRESIA SIMPLICIUSCULA (Wahlenb.) Mack. 

Falaises, corniches calcaires, platiéres séches.—R. a la Loutre. V. & R. 
25 215.—R. Jupiter. V. & R. 24 960.—R. au Fusil. V. & R. 24 956.—R. au 
Fusil V. & R. 27 508.—R. du Brick. V. & R. 27 514.—R. Chicotte. V. & R. 
24 958. 


On trouve aussi cette espéce en Minganie et 4 Terre-Neuve, ainsi que dans 
le secteur arctique du Québec, ot on rencontre également une deuxiéme 
espéce: Kobresia myosuroides (Villars) Fiori & Paoletti [Syn: K. Bellardit 
(Allioni) Degland ap. Loiseleur]._ Les deux espéces sont circumboréales, mais 
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K. simpliciuscula est réparti dans le monde d’une maniére tout a fait dis- 
continue: Amérique du Nord, du 64° au 40° a l’ouest, du 76° au 48° a I’est 
(limites sud: Anticosti, Mingan, Terre-Neuve) ; Groénland; ‘les Britanniques; 
centre de la Scandinavie; Alpes; Caucase. Voir Fig. 1. 


III 
Conclusions phytogéographiques 


La flore des Carex d’Anticosti peut se représenter numériquement comme 
suit: 62 espéces, 7 hybrides, 11 variétés et 2 formes, ainsi qu’une espéce de 
Kobresia, genre voisin. En tout: 83 entités. Sur ce total, 2 espéces et 
1 variété sont nouvelles pour |’Amérique du Nord; 3 variétés, 1 forme et 
2 hybrides sont nouveaux pour la science. Les entités mineures nouvelles 
ont déja fait l'objet d’une étude (66). La plupart des hybrides sont signalés 
pour la premiére fois pour le Québec. 

En étudiant les laiches qui peuvent se rencontrer 4 Anticosti, on peut 
formuler sur la flore générale de I’ile les conclusions phytogéographiques 
suivantes: 


1. Un des caractéres principaux de la flore est l’endémisme, expliquable, 
au moins partiellement, par l’insularisme: Aster anticostensis Fernald, Aster 
vaurealis Rousseau, Solidago anticostensis Fernald, Solidago Victorinii Fernald. 
L’endémisme revét parfois un caractére moins strict et s’étend a toute la 
région du Bas Saint-Laurent. 


Une autre dominante est la présence d’éléments cordillériens isolés de leur 
aire principale: Antennaria pulcherrima (Hooker) Greene, Dryas Drummonditt 
Richards., Erigeron lonchophyllus Hook., Habenaria unalascensis S. Wats., 
Lesquerella Purshii Fern., Listera borealis Morong, Salix brachycarpa Nutt. 
Mais il ne faudrait pas trop exagérer cette liste. Au fur et A mesure que le 
nord du Canada est exploré plus minutieusement, des matériaux viennent 
dans les herbiers qui indiquent que les espéces cordillériennes considérées 
isolées dans l’est du Canada se relient au contraire par toute une série de 
localités transcanadiennes. Les cartes de distribution géographiques qu’on 
faisait, il’y a vingt ans (19), d’espéces comme Carex stylosa C. A. Meyer, 
Dryas Drummondii Richards., Lonicera involucrata (Richards.) Banks, 
Vaccinium ovalifolium Sm., etc., redessinées aujourd’hui a la lueur des plus 
récentes excursions, nous indiquent en nombre de cas des espéces transcana- 
diennes. Les espéces de l’ouest, isolées dans l’est, ne sont pas considérables 
en nombre. Dans un bon nombre de cas, elles sont au moins présentes dans 
la région de la baie James ou des Grands-Lacs qui constitue une sorte de 
charniére entre les deux flores. Les seules espéces cordillériennes, ou d’affinité 
cordillérienne, réellement isolées dans la région du Bas Saint-Laurent, sont 
des espéces typiquement alpines, non arctiques: Cirsium minganense Victorin, 
Agoseris gaspensis Fernald, Polystichum scopulinum (D. C. Eaton) Maxon, 
Scirpus Rollandii Fernald. 
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Une troisiéme catégorie représentée dans la flore d’Anticosti est celle des 
espéces arctiques-alpines a leur limite sud ou a peu prés. Quelques-unes 
existent également en Gaspésie: Dryas integrifolia Vahl, Dryopteris Robertiana 
(Hoffm.) C. Chr., Hieracium groenlandicum Arv.-Tourv., Juncus albescens 
Fern., Juncus alpinus Vill. var. alpestris (C. J. Hartman) C. Hartman (45), 
Juncus castaneus Sm., Saxifraga oppositifolia L., etc. 


Une quatriéme catégorie comprendrait les éléments subarctiques, dominants 
dans la flore générale, A cause du grand nombre de tourbiéres: Betula glan- 
dulosa Michx., B. Michauxtt Spach (73);—une cinquiéme rassemblerait des 
éléments atlantiques; une sixiéme, enfin, grouperait les éléments d’une florule 
tempérée, dont l’existence 4 Anticosti est le point le plus saillant de la présente 


étude. 


Or, la flore des Carex d’Anticosti ne comprend aucun endémique, aucun 
élément proprement cordillérien—sauf, peut-étre, Carex praticola, bien qu’il 
existe, mais moins abondamment que dans |’ouest du Canada, sur les bords de 
la baie d’Hudson et au Groénland—; et seulement quelques espéces arctiques 
ou arctiques-alpines: Kobresia simpliciuscula, Carex Lyngbyet, C. microglochin 
et C. rupestris. (Fig. 1, 2, 3, 4). 





Cet état de fait contraste avec la florule de la Minganie qui, sans doute a 
cause du caractére rocheux des files, renferme un plus grand nombre d’éléments 
arctiques-alpins. 


2. On note a Anticosti des éléments dits euryatlantiques (Fig. 15 et 16). 
Gaume (24), reprenant Allorge (4), les définit ainsi: ‘‘Les espéces euryatlan- 
tiques sont des subatlantiques qui se retrouvent 4 la fois dans les domaines 
atlantiques européen et nord-américain.’’ Ces éléments constituent peut-étre 
une persistance de I’unité du continent holarctique, divisé en deux fragments 
au cours de l’époque tertiaire, au moment de la formation de 1|’Atlantique 
Nord. 


Mais cette hypothése est niée par Hultén (30), qui prétend, documents 
phytogéographiques en mains, que les prétendues espéces euryatlantiques 
dérivent des circumboréales par réduction. 


Dans les iles Britanniques et en Scandinavie, peuvent encore se trouver a 
l’état reliqual des espéces exclusivement américaines ou asiatico-américaines 
comme Carex scirpoidea Michx., Dryopteris fragrans (L.) Schott, Eriocaulon 
septangulare With., alors que dans le Bas-Saint-Laurent (Terre-Neuve— 
Labrador—iles de la Madeleine— iles Saint Pierre et Miquelon—Provinces 
Maritimes—Gaspésie—Anticosti—M inganie), on note a l'état isolé des espéces 
européennes comme Alchemiila alpina L. (6), Alchemilla filicaulis Buser (65), 
Alchemilla glabra Neygenfind, Alchemilla glomerulans Buser, Alchemilla vestita 
(Buser) Raunk. (76), Carex Hostiana DC. (51), Carex Hartmani Cajander, 
Carex serotina Mérat, Carex demissa Hornem., Juncus alpinus Vill. var. 
Marshallii (Pugsley) Lindquist (48), Limosella aquatica L., etc. De méme au 
Groénland, le Polygala serpillacea Weihe (6). Voir Fig. 15 et 16. 
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La flore de Terre-Neuve est particuliérement riche en reliques européennes, 
mais la distinction entre ces derniéres et les espéces introduites n’est pas tou- 
jours facile. 

Selon Wiinstedt (82), Carex demissa appartiendrait au groupe des espéces 
boréales-atlantiques, alors que Carex Hostiana se rallie au groupe plus méri- 
dional des espéces méditerranéennes-atlantiques. Il est également significatif 
qu’en Europe, l’air de Carex Hartmani ne s’étende au sud qu’a partir du sud 
de la Scandinavie (38, 42, 44). Carex flava irait bien dans I’une et I’autre 
catégorie et, bien qu’il soit rare en Europe centrale et absent de |’Asie centrale 
(sauf une localité isolée au lac Baical), sa distribution en Europe indique une 
tendance atlantique, alors qu’en Amérique du Nord, elle est fortement con- 
tinentale, atteignant la Colombie canadienne et le sud de I’ Alaska. 

Il est 4 noter d’ailleurs que le foyer d’origine et de dispersion de la section 
EXTENSAE semble localisé quelque part dans le domaine nord-atlantique: Bas- 
Saint-Laurent—Scandinavie. On remarquera, dans la liste des Carex de I’ile 
d’Anticosti,—on ferait la méme remarque pour Terre-Neuve,—le grand nombre 
de représentants de cette section: Carex cryptolepis, C. demissa, C. flava, 
C. Hostiana, C. lepidocarpa, et C. viridula. 

On remarquera aussi 4 quel point l’hybridation y est fréquente. Ceci 
semble df a trois facteurs:— (1) le grand nombre d’espéces d’une méme 
section cohabitant ensemble ;— (2) le télescopage des saisons qui fait que toutes 
les espéces fleurissent en méme temps; et— (3) le télescopage des habitats: 
des espéces tourbicoles, calcicoles, palustres, etc., se rassemblent sur les mémes 
platiéres. L’hybridation n’est pas possible ou n’est que fortuite, disons aux 
environs de Montréal, ot ces espéces, d’ailleurs moins nombreuses, quand elles 
existent, sont séparées par leurs exigences respectives d’habitats et par une 
phénologie précise. Donc, isolées spatialement et temporellement. 





Pour caractériser phytogéographiquement les espéces, nous nous sommes 
inspirés surtout de Bécher (6, 7). Classifiant les laiches du Danemark, 
Wiinstedt (82) offre également des solutions heureuses qui nous ont aidé. 
Pour le sens du mot atlantique, Allorge (4), Gaume (24) ont été nos guides, 
ainsi que Samuelsson (76) dans l’application qu’il en a faite aux nombreuses 
espéces du genre Alchemilla, remettant a jour le travail classique de Lindberg 
(44a). Nous avons également puisé dans Kotilainen (40) et Hustich (32) des 
indications précieuses. 


Voici les principaux types adoptés par Bécher (6): 


Arctique: Eléments de l'Europe centrale—jin 
Haut arctique Atteignant la limite du Quercus robur 
Bas arctique ‘ en Scandinavie 
Atteignant le sud de la Suéde et le 


Boréal ou nordique: Danemark 
Boréal 4 tendances nordiques Ne pénétrant pas en Scandinavie ni au 
Boréal 4 tendances méridionales Danemark 

Eléments de l'Europe centrale: Méditerranéen: 
Limité a l'Europe centrale Subméditerranéen 


Atteignant le nord de la Scandinavie Ouest-méditerranéen 
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Voici les principaux types adoptés par Bécher (6)—/fin 


Océanique: a 1’ouest de la limite de l’aire 
de Erica—Ledum: 


Subocéanique: Europe centrale et 
occidentale, dépassant la limite de 
aire Erica—Ledum, mais disparais- 
sant vers l’est 

Tendances océaniques, avec distribu- 
tion étendue mais sporadique 

Océanique seulement au nord de l’aire 

Océanique seulement au sud de I’aire 

Océanique-hydrophile 

Indifférent a l’océanité ou a la continen- 
talité 

Continental: absent de l’Europe océani- 
que ou rare: 

Subcontinental: rare dans |’Europe 
océanique; diminue d’intensité en 
allant vers l’ouest 


Continental: absent de l'Europe océani- 
que ou rare—fin 


Tendances continentales, avec distri- 
bution étendue; rare dans le sud- 
ouest de la Norvége, aux iles Faroés, 
en Islande, etc. 


Continental seulement au nord de 
son aire 


Continental seulement au sud de son 
aire 


Continental-hydrophile. 


Polymorphe: type contenant plusieurs 
races a exigences biologiques et a 
distributions particuliéres. Ex.: 
Carex Buxbaumi Wahl. coll., Carex 
rostrata Stokes, Eriophorum angusti- 
folium Honck. et ses variétés. 





En remplagant chacune de ces caractéristiques par un symbole, on obtient une image assez 
exacte de la distribution de chacune des espéces. Ainsi, Bécher (6) accompagne Betula nana 
de abcz (cs), indiquant que ce bouleau est arctique, boréal et subcontinental. 


Il faudrait adopter ce systéme a notre flore en créant de nouvelles catégories et en leur tragant 
des limites exactes (par exemple trouver un substitut américain a l’aire occupée en Europe 
par Erica—Ledum), mais en tenant compte de I’aire compléte de chacune des plantes considérées 
comme types. Pour ce, il faudrait mettre un peu d’ordre dans notre notion du secteur sub- 
arctique. 


La distinction entre espéces océaniques* et continentales est pleine de 
périls. L’application demande également de la prudence. En ce qui nous 
concerne ici, tant que Il’air totale de chacune des espéces de Carex existant 
dans le Québec n’aura pas été cartographiée, on ne peut que tatonner inutile- 
ment. Le fait qu’un grand nombre d’espéces soient hydrophiles ajoute des 
difficultés. Dans une région ov lacs et riviéres abondent comme dans la pro- 
vince de Québec, on expliquerait ainsi les poussées vers le nord, et parfois 
jusqu’a la frar.ze du secteur arctique, d’espéces tempérées, mais hydrophiles, 
comme Carex arcta ou C. rostrata, ainsi que la tendance “‘continentale’’ 
d’espéces pourtant océaniques dans l’ensemble de leur distribution. 


3. Une catégorie pauvrement représentée 4 Anticosti est celle des espéces 
du haut subarctique: Carex capillaris, C. rariflora, C. media (Fig. 4), C. 
scirpoidea. Ce dernier, d’ailleurs, va en montagnes beaucoup plus au sud et 
pénétre également trés haut dans I’arctique: il est calcicole et alpin beaucoup 
plus qu’autre chose, affectionnant les sommets dénudés, les écorchis, méme 
sur substratum serpentinique (comté de Mégantic), ot il est particuliérement 
abondant. 


* Nous suivons ict Bécher. Océanique ne veut donc pas dire insulaire, mais cétier au sens 
large. 











i 
¢ 
t 
$ 





QO. ~ OS S A 


ect 




















RAYMOND: CYPERACEES DE L'{LE ANTICOSTI 433 


4. En revanche, sont communes dans I’jle, 4 cause sans doute du grand 
nombre de tourbiéres, les espéces du bas subarctique: 


Carex aquatilis Carex lasiocarpa var. americana 
Carex atratiformis (Fig. 3) Carex limosa 

Carex Buxbaumii (Fig. 5) Carex livida 

Carex canescens Carex Michauxiana 

Carex castanea (Fig. 6) Carex miliaris s.s. 

Carex chordorrhiza Carex pauciflora (Fig. 2) 

Carex disperma Carex paupercula 

Carex exilis Carex rostrata 

Carex gynocrates (Fig. 7) Carex sterilis 


Nombre de ces espéces se retrouvent dans le secteur tempéré, dans des 
habitats propices: bois humides et froids, tourbiéres, etc. D’autres, comme 
C. aquatilis, C. chordorrhiza, C. gynocrates, pénétrent dans I’arctique inférieur. 
La méme remarque s'applique a4 des espéces comme Coptis groenlandica (Oeder) 
Fernald, Eriophorum spissum Fernald, Rubus Chamaemorus L., etc. On 
pourrait les appeler des éléments boréaux 4 trés vaste distribution, bien que 
Rubus Chamaemorus L., stérile au Groénland et au Labrador (6), y fasse l’effet 
d’une relique d’une période climatique plus clémente. 


6. Mais le fait le plus saillant qui se dégage de la présente liste est le grand 
nombre d’espéces tempérées qui atteignent l’ile Anticosti et qui ont habi- 
tuellement comme limites boréales une ligne partant de Il’ile Anticosti 
jusqu’a la riviére Rupert, sur la baie James. Ce sont: 


Carex arctata (Fig. 9) Carex pedunculata (Fig. 13) 
Carex Crawfordii Carex retrorsa 

Carex cryptolepis Carex scoparia 

Carex Deweyana (Fig. 10) Carex stipata (Fig. 14) 
Carex eburnea (Fig. 11) Carex tribuloides 

Carex intumescens var. Fernaldii Carex viridula 

Carex leptonervia (Fig. 12) Carex vulpinoidea 


Il y a lieu de rattacher cette persistance a celle de certains autres éléments 
tempérés de la flore générale qui existent également a Anticosti, comme 
Arethusa bulbosa L., Calypso bulbosa, Typha latifolia L., Vaccinium macrocar pon 
Ait., Prunus virginiana L. et Crataegus spp., et de citer le travail de Pierre 
Dansereau (13) sur la présence d’érabliéres en Gaspésie, reliques d’un période 
xérothermique. 

La persistance dans la flore du Québec de certaines espéces prairiales, par 
exemple dans la vallée de l’Ottawa, et la présence de certaines autres d’affinité 
tropicale (comme Podostemon) militent en faveur de cette période antérieure 
plus chaude, dont la palinologie nous assure d’ailleurs l’existence. 
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7. Les nombreuses gréves saumftres accessibles sur tout le pourtour de 
l’ile expliquent la présence d’halophytes relativement nombreux: 


Carex hormathodes Carex nigra 
Carex Lyngbyei Carex paleacea 
Carex Mackenziet Carex recta 


Carex hormathodes est une espéce de la céte atlantique a sa limite nord. 
Carex Lyngbyei s.s. est un élément arctique-atlantique, atteignant sa limite 
sud a Anticosti. 


Notons, en passant, l’absence d’espéces tourbicoles ou palustres qui devraient 
pourtant s’y rencontrer, puisqu’elles existent sur le territoire avoisinant: 
Carex lenticularis, C. oligosperma, C. tenuiflora, C. vesicaria. Elles font 
certainement partie de la flore de l’ile d’Anticosti et seront récoltées ultérieure- 
ment. 


L’ensemble de ces observations nous incite 4 classer phytogéographique- 
ment l’ile Anticosti dans le secteur tempéré froid: un bon nombre d’espéces 
tempérées y persistent; les tourbiéres favorisent la présence de certaines espéces 
subarctiques; les platiéres et les falaises permettent 4a des éléments arctiques 
d’y persister, constituant autant de micro-habitats froids, bien que la présence 
de la mer tempére beaucoup le climat général. 





Le type glumacé (Graminées—Cypéracées) est fortement représenté dans 
une flore comme celle d’Anticosti; il figure certainement pour un tiers de la 
flore générale. Cela expliquerait sans doute, en partie, l’abondance des 
Cervidés dans I’ile. 

Comme plantes de piaturages, les laiches n’ont guére fait l’objet de recherches 
en Amérique du Nord. Sans doute, les espéces triquétres, que le peuple a 
retenues sous le nom de ‘‘foins-coupants’” (Carex crinita, C. gynandra, C. 
scabrata), sont-elles éliminées. D ailleurs, elles appartiennent a une flore plus 
méridionale et n’existent pas 4 Anticosti, ol se rencontrent plutdt des espéces 
palustres ou tourbicoles 4 chaume spongieux qui les recommande comme 
plantes broutables: Carex aquatilis, C. rostrata, etc. 


Les botanistes russes, qui ont poussé trés loin la botanique appliquée, se 
sont intéressés au probléme des laiches considérées comme plantes de paturages, 
surtout dans les steppes et autres régions désertiques. Commengant par I’in- 
ventaire des espéces (34), ils sont allés jusqu’a l’analyse de leurs qualités 
fourragéres, sur une base morphologique (52). L’étude a porté sur des espéces 
de l’Asie moyenne: Carex physodes M.B. et C. pachystylis Gay surtout, qui 
n’existent pas en Amérique du Nord (58). 


La batture de l’ile aux Grues, du point de vue importance économique, a 
recu l’attention de Rousseau (69). Des laiches sont présentes dans ces forma- 
tions herbeuses et les cultivateurs de l’ile tiennent le foin de batture en haute 
estime, croyant que sa consommation par les bestiaux durant l’hiver provoque 
une plus grande production de lait. 
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On voit le parti que nos gouvernants pourraient tirer de l’analyse des laiches 
canadiennes du point de vue fourrager, en rapport avec les problémes de 
conservation de nos Cervidés herbivores (chevreuils, caribous), ou de I’intro- 
duction possible du renne ou de la chévre des Montagnes Rocheuses dans les 
régions arctiques de l’est du Canada, ov les laiches constituent une fraction 
importante de la végétation. 
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Index specierum 


Les espéces ayant été énumérées dans Il’ordre naturel, le présent index 
indique le numéro donné a chacune d’elles. Les synonymes sont en italiques: 


Carex atratiformis 41 
abacta 64 aurea 29 
alpina 44 brunnescens var. sphaerostachya 
alpina var. inferalpina 44 6 
angarae 44 Buxbaumii 42 
angustior 12 Buxbaumii var. anticostensis 42a 
aquatilis 45 Buxbaumii var. australis 43 
aquatilis var. altior 45a Buxbaumii var. cylindrostachya 43 
arctata 35 Buxbaumii var. macrostachya 43 


atrata var. ovata 41 canescens 7 
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Index specierum—suite 


Carex—suite 


canescens var. disjuncta 7a 

capillaris 36 

capillaris f. major 36a 

castanea 34 

chordorrhiza 2 

concinna 27 

Crawei 33 

Crawfordii 16 

cryptolepis 55 

demissa 60 

Deweyana 11 

diandra 5 

dioica var. gynocrates 1 

disperma 9 

eburnea 28 

emasculata 43 

exilis 13 

X firmior 37 

flava 54 

flava X Hostiana var. lauren- 
tiana 63 

flava X lepidocarpa 58 

flava X viridula 61 

flextlis 34 

fulva 56 

fulvescens 56 

Goodenowit 46 

Goodenowghii 46 

Grahami 66 

gynocrates 1 

Halleri 44 

Hartmani 43 

hormathodes 17 

Hornschuchiana var. laurentiana 
56 

Hostiana var. laurentiana 56 

Hostiana var. laurentiana X 
flava 63 

Hostiana var. laurentiana X 
lepidocarpa 59 

inflata 68 

interior 14 

intumescens var. Fernaldii 65 





intumescens var. Fernaldii X 
retrorsa 69 

X Josephi-Schmittii 69 

lacustris 53 

lanuginosa var. oriens 52 

lasiocarpa var. americana 51 

lepidocarpa 57 

lepidocarpa X flava 58 

lepidocarpa X Hostiana var. 
laurentiana 59 

leptalea 21 

leptonervia 32 

limosa 38 

limosa X rariflora 37 

livida 31 

Lyngbyei 47 

Mackenziei 8 

magellanica 39 

maritima 48 

media 44 

Michauxiana 64 

microglochin 23 

miliaris var. aurea 66a 

miliaris var. major 66) 

nigra 46 

norvegica ssp. inferalpina 44 

Oederi 60 

paleacea 48 

paleacea X recta 50 

pallescens var. neogaea 35 bis 

pauciflora 22 

paupercula 39 

pedunculata 26 

X Pieperiana 58 

pratensis 18 

praticola 18 

X pseudo-fulva 59 

rariflora 40 

rariflora X limosa 37 

recta 49 

recta var. ostrobottnica 49a 

recta X paleacea 50 

retrorsa 67 

retrorsa var. Hartii 67a 
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Index specierum—/jin 


Carex—fin sterilis var. Rousseauiana 15a 
retrorsa var. Robinsonii 67) substricta 45a 
retrorsa X intumescens var. X subviridula 61 
Fernaldii 71 tenella 9 
rigida 46 tribuloides 20 


riparia var. lacustris 53 
rostrata 64 

rostrata 68 

rostrata var. ambigens 68a 
rostrata var. anticostensis 68) 
rostrata var. utriculata 68c 
rupestris 24 


trisperma 10 

tumudicar pa 60 

vaginata 30 

Vahlit 44 

vesicaria var. Grahami 68a 
viridula 62 


salina var. kattegatensis 49 viridula f. clandestina 62a 

saltuensis 30 viridula X flava 61 

X Saxeni 50 vulgaris 46 

scirpoidea 25 vulpinoidea 4 

scirpoides 14 xanthina 63 

scoparia 19 

stellulata var. angustata 12 Kobresia 

sterilis 15 simpliciuscula 70 
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Fic. 1. Distribution des deux espéces du genre Kobresia existant dans le Québec. L'une 
est strictement arctique, l'autre arctique-alpine, mais absente de la Gaspésie. 


Fic. 2. Distribution de Carex microglochin arctique-alpin et polycentrique. Se retrouve 
dans le monde austral. Limite sud-est: Anticosti. C. pauciflora subarctique, présent dans 
nombre de tourbiéres du secteur tempéré. 


Fic. 3. Deux especes voisines, l'une arctique (C. atrata) l’autre subarctique (C. atrati- 
formis). 


Fic. 4. C. media est une espece de la forét canadienne ouverte, alors que C. norvegica est 
arctique-alpin. 
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Fic. 5. Les espéces groupées autour de C. Buxbaumii ont chacune un type de distribution 
particulier; C. adelostoma est arctique-atlantique; C. Buxbaumii, typiquement subarctique; 
C. Hartmani: subarctique-atlantique, reliqual en Amérique du Nord. C. Morrissevi est un 
segrégat purement canadien dont la distribution s’étend depuis le Grand Lac de l’Ours jusqu’au 
Labrador. 


Fic. 6. Carex castanea. Type subarctique, bicentrique dans le Québec. 


Fic. 7. Carex gynocrates. Type boréal a vaste distribution. 


Fic. 8. Carex rupestris. Type arctique-alpin. 
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Fic. 9. Carex arctata. Ne dépasse pas la riviére Rupert et Anticosti. 
Fic. 10. Carex Deweyana. Ne dépasse pas la riviére Rupert et Anticosti. 


Fic. 11. Carex eburnea. Ne dépasse pas la riviére Rupert et Anticosti. Nettement cal- 
cicole. 


FIG. 
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2. Carex leptonervia. Ne dépasse pas la riviére Rupert et Anticosti. 
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Fic. 13. Carex pedunculata. Ne dépasse pas la rivitre Rupert et Anticosti. 


Fic. 14. Carex stipata. Ne dépasse pas la rivitre Rupert et Anticosti. 


Fic. 15. Carex Hostiana var. laurentiana. Atlantique, reliqual dans le nord-est de 
l’Amérique du Nord. D’aprés Marie-Victorin (43). 


Fic. 16. Carexdemissa. Existe a Terre-Neuve et, vraisemblablement, en Gaspésie. Mais 
celte espece a été jusqu’ici si mal comprise que nous nous sommes borné a indiquer sur la carte 
les récoltes que nous avons pu examinées nous-méme. Elles suffisent a indiquer le caractére 
“atlantique”’ de l’espéce. 
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THE BLACK ROOTROT DISEASE OF TOBACCO 
I. STUDIES ON THE CAUSAL ORGANISM THIELAVIOPSIS BASICOLA® 


By R. H. STOVER? 


Abstract 


Intensive cultural studies with Thielaviopsis basicola (Berk. & Br.) Ferraris, 
the cause of the black rootrot disease of tobacco, showed that it exists in nature 
in two distinct forms, which have been called brown and gray wild types, and 
which are differentiated by their cultural characteristics on potato dextrose agar. 
The brown wild type usually is the predominant form isolated, although in some 
instances the gray predominates in mixed infestations. It is suggested that the 
balance between the two types is determined, in part, by a differential selective 
action of the soil flora. The gray wild type is less pathogenic and is more poorly 
adapted than the brown to withstand long dormant periods. The latter occas- 
ionally mutates to the gray in soil, host, and in artificial culture. In a few 
instances, but only in association with host passage, the gray wild type has 
mutated to the brown. The wild types do not remain stable on media which 
support abundant saprophytic growth but give rise to and are crowded out or 
replaced by cultural mutants. The wild type can be maintained with a minimum 
of variation in soil, soil agar, roots, or similar substrates (low in certain nutrients). 
Variations in the morphology and behavior of endoconidia consisted of the 
production of endoconidial yeastlike colonies and the formation of thick-walled 
chlamydosporelike structures from thin-walled endoconidia. Some endoconidia 
are as resistant as chlamydospores to long periods of dormancy, heat, and drying. 
Fungus morphology in the host was characteristic for each of the three phases of 
cell penetration, cell colonization, and the production of chlamydospores and 
endoconidia. Root invasion by Thielavia basicola was common only in associa- 
tion with Thielaviopsis basicola which suggests a commensalistic relationship 
between these two fungi. 


Introduction 


Tobacco is one of the most important cash crops grown in Ontario and 
Quebec. Tobacco growers receive over fifty million dollars annually for their 
crop, a cash value exceeding the farm income from fruits, vegetables, sugar 
beets, soybeans, and beans. The industry has made possible the utilization 
of sandy soils that formerly were abandoned or of very little value for the 
economic production of most farm products. In addition to its agricultural 
importance, tobacco is a source of three hundred million dollars in Federal 
taxes as well as providing employment in the large manufacturing and _ pro- 
cessing industries, sales offices, and tobacco stores across the country. 


The economic production of tobacco requires a high yield of good quality 
leaf. Of the several diseases contributing to a reduced yield and lowered 
quality, rootrots are the most important. These diseases are caused by the 
black rootrot fungus Thielaviopsis basicola (Berk. & Br.) Ferraris and a root 


1 Manuscript received May 30, 1950. 

Contribution from the Department of Botany, University of Toronto, Toronto, Ont. and 
Contribution No. 1033 from the Division of Botany and Plant Pathology, Science Service, 
Department of Agriculture, Ottawa, Canada. Based on part of a thesis presented in April 1950, 
to the University of Toronto in partial fulfilment of the requirements for the degree of Doctor of 
Philosophy. 

2 At the time, graduate student and holder of the Imperial Tobacco Company of Canada 
Fellowship in the Department of Botany, University of Toronto; now Assistant Plant Pathologist 
Dominion Laboratory of Plant Pathology, Harrow, Ont. 
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disease complex called brown rootrot the etiology of which has not been 
completely elucidated. Several millions of pounds of leaf and thousands of 
dollars are lost annually by the growers because of these two diseases. 

The development of varieties resistant to black rootrot has greatly reduced 
injury from this disease. Nevertheless, many thousands of acres of black 
rootrot susceptible or partially resistant varieties are still grown and, with 
prolonged cool, wet weather during June, this disease can cause serious injury 
to nonresistant varieties. Also, commercial varieties resistant to black root- 
rot are susceptible to the brown rootrot disease complex and vice versa. 
The development of varieties combining resistance to both diseases has 
made little progress. 

Before varieties of most types of tobacco resistant to black rootrot were 
developed, research centered around the influence of soil environment on the 
disease in order to effect control measures through manipulation of such 
factors as pH, temperature, fertilization, and organic matter. Notable con- 
tributions in this field were those of Johnson and Hartman (11) and Doran (6). 
With the rapid development of resistant varieties the economic necessity of 
further research was alleviated and, as a result, progress towards an under- 
standing of fundamental principles underlying the parasitism of 7. basicola has 
made little advance. However, a few important contributions have been 
made. Jewett (8) has shown that host resistance is not mechanical and 
Allison (1) has published a brief abstract indicating that physiologic special- 
ization occurs on tobacco. Yarwood (26) has contributed a technique of 
isolating the fungus from the soil that will greatly facilitate future research. 
In Europe, physiologic specialization on various hosts has formed the main 
subjects of several German papers, notable of which are the works of 
Tiddens (24), Sattler (20), and Berkner (4). 

Among root disease fungi 7. basicola is unique in several aspects. The host 
range comprises over 100 species in 18 different families (10) and it is probable 
this will be extended even further with the present technique of isolation (26). 
This fungus is involved in diseases as divergent as a rootrot complex of lima 
bean in California (21) and ‘“‘little leaf’’ disease of oil palm in the Belgian 
Congo (2). It is world wide in distribution and is probably a natural soil 
habitant, being noticeable in virgin tobacco land far removed from any other 
tobacco area after three consecutive tobacco crops have been grown. In 
Germany, legumes appear to be the most susceptible to attack whereas in 
America and Italy, tobacco is the main host. 


The possession of so many unique features by such a widely distributed 


soil-borne pathogen would seem to favor this fungus as a valuable tool in 
research attempting to elucidate the complex relationships between host, 
parasite, and the soil environment. On the contrary, however, little funda- 
mental research has been undertaken with 7. basicola. As so very little is 
known about the fungus, it is necessary to establish some fundamental 
principles as a basis upon which further research can proceed. It seemed 
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that this could most readily be achieved by beginning with a detailed analysis 
of the cultural behavior of the fungus. Accordingly then, these studies began 
with such an analysis. 


Cultural Behavior of Thielaviopsis basicola 
MATERIALS AND METHODS 


The standard culture medium employed throughout these experiments was 
potato dextrose agar (P.D.A.) consisting of a decoction of 200 gm. of potato, 
20 gm. agar, and 10 gm. dextrose in one liter of water. Cultures were studied 
mostly on this medium, although soil agar (17) from various types of soil, 
and sterile sand tubes were also used; stock cultures were maintained in the 
latter two media and in dried infected roots. Plants were grown aseptically 
in a nutrient solution (22) solidified with agar. 

T. basicola was readily isolated from infected root tissue by using a modifi- 
cation of the method first described by Yarwood (26). Diseased root tissue, if 
dry, was soaked in water, drained, and then ground in a mortar with pestle. 
The macerated root material was then smeared over the surface of raw potato 
discs. The fungus growth appears as a grayish-white layer of endoconidia 
over the surface of the potato disc in from 48 to 72 hr. Ina similar way the 
fungus could be isolated directly from soil. Small portions of the fungus mat 
were transferred from the potato discs to acidified plates of P.D.A. The 
fungus was allowed to develop for 48 hr., during which time bacteria were 
inhibited in growth and fungus contaminants appeared in some transfers. 
Transfers were then made from pure colonies of the fungus on acidified P.D.A. 
to P.D.A. (pH 6.0). This rapid and efficient method of isolating cultures of 
T. basicola has greatly facilitated cultural studies. 

Monosporous cultures were established from endoconidia, dilute sterile 
water suspensions of which were smeared over agar plates with an inoculating 
loop. Single, germinating spores were removed after 8 to 24 hr. with a biscuit 
cutter (12) without the aid of a spatula. Cultures were maintained mostly at 
room temperature. Microscopic examinations of infected tissue were made 
after heating roots in lactophenol cotton blue. 


Tue FuNGus 

A. JHistory 

Thielaviopsis basicola was first described by Berkeley and Broom (3) in 
1850. They found the chlamydospores in peas and Nemophila auriculata and 
named the fungus Torula basicola n.sp._ In 1876, Zopf (27) found the fungus 
on Senecio elegans from which he described the endoconidia and chlamydo- 
spores, as well as the ascosporic stage of Thielavia basicola which he thought 
was the perfect stage of the endoconidium-producing fungus. Because of the 
presence of perithecia he placed the fungus in the Perisporiaceae as Thielavia 
basicola. McCormick (15) proved that the perithecial stage, Thielavia basicola, 
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is a distinct species which apparently grows only in association with the 
imperfect fungus Thielaviopsis basicola. More recently, Lucas (14) has con- 
tributed additional proof of the co-existence of the two fungi in soil as distinct 
species. 

Descriptions of endoconidia and chlamydospores have been given by 
Zopf (28), Clinton (5), Gilbert (7), and others, and need not be repeated. 
Many variations, however, in the morphology and behavior of endoconidia 
and chlamydospores not previously recorded, have been found in culture, some 
of which may be significant in relation to the behavior of the fungus in soil. 


B. Endoconidia and Chlamydospores 


In artificial culture endoconidia are produced initially very abundantly and 
to the virtual exclusion of the other spore forms. They are also found in 
early stages of root infection. After the fungus becomes established in the 
root, endoconidiophores often extruding the typical rectangular spores can 
be seen protruding from the infected tissue. In naturally-infested soil endo- 
conidia have been found only in close association with the root and only in 
early stages of the disease. These spores are very uniform in size and shape. 
They may well constitute an important source of inoculum for secondary 
infections along the root. 

Minute yeastlike colonies consisting almost entirely of masses of endoconidia 
and germ-tube conidiophores frequently develop at the point of transfer onto 
P.D.A. and, to a lesser extent, on soil agar and sterile soil (Fig. 5). On P.D.A. 
these colonies are viscous in consistency and white or yellowish in color. The 
spores in these colonies are very active when compared with endoconidia from 
the typical hyphae which subsequently develop from these atypical colonies. 
Immediately after expulsion from the conidiophore, they grow and assume 
many bizarre forms often germinating to produce up to 25 endoconidia in 
their short germ tubes (Fig. 1). These spores in turn become active, growing 
into various shapes and expelling more endoconidia, and the process is repeated 
until a mass of endoconidia of various shapes and sizes is formed covering an 
area up to several millimeters in diameter and one to two millimeters deep. 





Fic. 1. A group of endoconidia showing variability in shape and size. One endoconidium 
has been reproduced at the end of a short germ-tube conidiophore. 350 X 

Fic. 2. The germination of a ‘secondary chlamydospore.’’ Note the endoconidium 
forming at the end of a conidiophore and a typical endoconidium in upper left corner. 350X 

Fic. 3. Camera lucida drawings of a typical endoconidium and five endoconidia that are 
developing into ‘‘secondary chlamydospores” with the remnants of the original spore attached. 
500 X 

Fic. 4. A chlamydospore chain of four spores on soil agar, two spores have germinated. 
The hyphae are characteristic of the type found in invaded root tissue. 80X 

Fic. 5. A yeastlike colony consisting of masses of endoconidia from which the typical 
farinose mycelium of the characteristic colony of T. basicola is developing. 

Fic. 6. Photomicrograph of an endoconidium in the process of forming a ‘‘secondary 
chlamydospore.”’ The wall of the original spore remains attached to one side of the thick 
walled ‘‘chlamydospore.” 350X 

Fic. 7. A group of typical endoconidia with three dark colored ‘‘secondary chlamydospores’’. 
Note the thickened walls. 350X 
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The viscosity of the colony is believed to be caused by endoconidia that are 
commonly observed to rupture and to extrude their contents, or to disintegrate. 
Usually after 48 hr. of growth, ramifying hyphae grow out from these atypical 
colonies. Soon after, the colonies are overgrown by farinose mycelium and 
typical chlamydospore-bearing hyphae of the characteristic colonies that 


develop on P.D.A. 


The factors controlling the production of these endoconidial colonies are 
unknown. They appear only at the point of transfer, and only in some 
transfers. By spreading inoculum from these areas thinly over the surface of 
P.D.A. the colonies arise at frequent intervals and may assume a maximum 
diameter of 2mm. They may be present for part of the history of a culture 
and absent during remaining periods. Their formation is not consistent and 
cannot be correlated with any specific conditions existing in culture. 


A spore form, not previously recorded in the literature, develops from an 
endoconidium and is described as a “‘secondary chlamydospore’”’ to differentiate 
it from primary or typical chlamydospores. In cultures on soil agar, and in 
the yeastlike colonies, it was frequently: observed that an endoconidium 
might develop a new wall, somewhat thickened, around the enlarged and 
spherical contents of the old endoconidium.. The original spore wall remained 
as a flap attached to the secondary chlamydospore, the wall and contents of 
which often turned brown (Figs. 3, 6, 7). Several of these spores were isolated 
and, upon germination, produced hyphae bearing typical Thielaviopsis conidio- 
phores (Fig. 2). These spores have been found in all cultures, but are more 
common in cultures growing in association with bacterial antagonisms and on 
soil agar. 

Endoconidia in chains often appeared to be intimately associated end-to-end 
and to grow and function as a single, segmented hypha. Anastomosis of 
several spores, in a chain or in groups, by short hyphal connections frequently 
occurred in soil agar. Endoconidia also were occasionally observed to anasto- 
mose on the root surface previous to root penetration. 


The range of endoconidial forms and behavior which has been observed in 
pure culture may be summarized as follows: 


(a) Typical endoconidia, rectangular in shape. 

(b) Large, swollen endoconidia of various shapes and sizes commonly found 
in yeastlike endoconidial colonies. 

(c) Endoconidia fusing end-to-end in chains, or anastomosing in groups. 

(d) Endoconidia which germinate to produce (1) short conidiophores that 
expel numerous endoconidia or, (2) long hyphae that develop into 
ramifying mycelium of a typical colony. 


(e) Endoconidia that (1) disintegrate, (2) do not remain viable during long 
periods of dormancy, or (3) remain as viable as chlamydospores after 
being subjected to long dormant periods under various cultural con- 
ditions. 
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General observations of the comparative survival and resistance of endo- 
conidia and chlamydospores to heat, drying, and long dormant periods in 
artificial culture showed no difference between the two spore types. However, 
the majority of endoconidia were nonviable after one to two vears on P.D.A. 
without transfer, although a percentage remained viable as long as chlamydo- 
spores under all conditions of dormancy in pure culture. Endoconidia could 
not be separated from chlamydospores by various heat treatments, and the 
thermal death point was the same for both spore forms. It appeared that a 
small percentage of endoconidia, produced in culture, were as resistant as 
chlamydospores to long periods of drying and heat, and were as viable after a 
long dormant period. The ability to survive long dormant periods accord- 
ingly is not determined entirely by the characteristics of the spore wall, but is 
related as well to inherent characteristics of the protoplasm present in all spore 
forms. No attempt was made to compare the percentage of chlamydospore 
survival with that of endoconidia. 


The role of resistant endoconidia in a natural soil environment is not known. 
However, many pathogenicity experiments were carried out with water 
suspensions of this spore form and unsterilized soils thus infested were capable 
of inducing considerable disease several months later. It appears that some 
endoconidia in soil may assume a resistant and dormant condition similar to 
that of chlamydospores in naturally-infested soils. 

Various bizarre forms of chlamydospores develop when fungus growth is in- 
hibited by antagonistic organisms in culture. These consist largely of thick- 
walled swellings at the ends of hyphae and intercalary chlamydospores that 
turn brown. The formation of chlamydosporelike structures by endoconidia 
(secondary chlamydospores) and hyphae, when growth is inhibited by bacterial 
antagonisms, indicates a response to adverse environmental conditions. 


C. Morphology in the Host 

Observations of the fungus were made in roots growing in naturally-infested 
soil, and in nutrient agar inoculated with endoconidia. After endoconidial 
germination, hyphae coursed over the root surface frequently penetrating 
root cells. After penetration of the outer cortical cells, intracellular coloniza- 
tion began in the area of penetration or, frequently, penetrating hyphae con- 
tinued to course through and between cortical cells for considerable distances 
before intracellular hyphae began colonization of cells adjacent to areas of 
penetration. The penetrating hyphae and hyphae colonizing cells were 
distinctly different (Text-figs. 1, 2). The former were long and narrow, with 
a long tapering point giving the hyphal tip a lancelike appearance. Also, 
characteristically sickle-shaped hyphae, previously described by Koch (13), 
were observed in areas of fungus penetration. The hyphae colonizing the cells 
were swollen and constricted at intervals. They completely filled the cells, 
giving the appearance of a sclerotial mass (Text-fig. 2). These intracellular 


hyphae are sufficiently characteristic to be diagnostic even in the absence of 
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chlamydospores. The colonization of cells by these hyphae is slow as com- 
pared with the rapid advance of the penetrating hyphae. After cell coloniza- 
tion, nonconstricted hyphae grew over and beneath the root surface and out 
into the rhizosphere, forming abundant chlamydospores on short branches. 





TEXT-FIG. 1. Ramifying hyphae of T. basicola in two-week old tobacco seedlings. 250X 





TEXT-FI1G. 2. Intracellular forms of hyphae in two-week old tobacco seedlings infected 
with T. basicola. 300X 
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These hyphae, which later turn brown, are the common type observed when 
severely diseased roots are examined under a microscope. Conidiophores and 
endoconidia can be found protruding from roots before chlamydospore forma- 
tion. The colonization of the host thus proceeds as follows: 


(1) An advance penetration of cortical cells by lancelike and sickle-shaped 
hyphae. 

(2) The intracellular colonization by characteristically constricted hyphae. 

(3) The formation of conidiophore and chlamydospore-bearing hyphae. 


In young susceptible seedlings 10 mm. and less in diameter, hyphae were 
frequently observed to pass into the stem from the root and to colonize the 
vascular region of the stem up to, and occasionally into, the basal portion of 
the first leaves. 

Swollen and constricted hyphae, similar to those found in root cells, can be 
observed under certain conditions in culture in the early stages of hyphal 
development from endoconidia and chlamydospores (Fig. 4). If a cover slip 
is placed over such spores and tapped firmly against the agar, hyphae of this 
type develop upon germination of the spores. 

Occasionally hyphae can be found, in culture and in roots, that are seg- 
mented into individual sporelike units. Hyphal characteristics are very 
atypical in some cultural mutants in which hyphae branch profusely to form 
hard, sclerotial-like colonies. The size and number of chlamydospores also 
vary greatly in cultural mutants. 


D. Thielavia basicola in Relation to Thielaviopsis basicola 

Evidence that these fungi are distinct species has been given by previous 
authors (14, 15) and the writer’s experiments were in agreement. However, 
some evidence suggestive of a commensalistic relationship between Thielavia 
basicola and Thielaviopsis basicola in soil was found. 

Thielavia basicola was observed in and on roots only if they were infected 
with Thielaviopsis basicola and was most prevalent in May and June when the 
latter fungus was most active. Simultaneous root inoculations with Thiela- 
viopsis and Thielavia in sterile soil neither assisted nor hindered an attack of 
the black rootrot organism, when compared with the checks. Yet, perithecial 
formation, resulting from ‘infection’? with Thielavia on several tobacco 
varieties and legume species, was very sparse, and in most cases absent, unless 
Thielaviopsis was also present in the roots. The absence of perithecia in most 
roots inoculated with Thielavia alone, compared with abundant perithecial 
production if Thielavia and Thielaviopsis were inoculated simultaneously, 
suggests that Thielavia develops only on and in hosts infected with Thielaviopsis. 


On P.D.A. the faster growing Thielavia tended to overgrow and dominate 
Thielaviopsis and the latter fungus was nonviable long before the former. 
For example, Thielavia was still viable in a dried slant of P.D.A. one year after 
Thielaviopsis could no longer be recovered. There were no indications of 
incompatibility or stimulation when the fungi were associated in culture. 
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Tobacco, growing in nutrient agar, was inoculated with Thielavia. The 
fungus formed a mat of hyphae around the roots, and occasionally penetrated 
outer cortical cells. However, there was no indication of a diseased condition 
in the seedlings either from the fungus or its by-products. 

Apparently, in nature, the relationship between these two fungi is a com- 
mensalistic one in which Thielavia is capable of entering and living upon root 
tissue after or during an attack by Thielaviopsis. Thielavia may derive its 
nourishment either from the root tissue or by-products of Thielaviopsis or 
combinations of the two. 


Stimulation of perithecial formation in culture by Thielaviopsis, as reported 
by McCormick (15), does not necessarily indicate a symbiotic relationship 
between the two fungi in soil. Thus, in cultures of Thielavia used by the 
writer, abundant perithecia were formed in the absence of Thielaviopsis and 
no effect was observed on either fungus when they were grown in association 
on potato dextrose or soil agar. 


Wi_p Type CULTURES 

A. Prevalence in Nature 

After numerous isolations had been made from a large number of field 
collections, it was apparent that two distinct cultural types of T. basicola were 
present in diseased root specimens and soil. These will be referred to here- 
after as the gray and the brown wild type (Figs. 8, 16, 20). Their cultural 
characteristics on P.D.A. are summarized in Table I from which it will be 
evident that the two are differentiated by the complete absence in the gray 
type of any brown or olivaceous color. 


TABLE I 


DISTINGUISHING CHARACTERISTICS ON POTATO DEXTROSE AGAR OF THE BROWN 
AND GRAY TYPE CULTURES OF T. basicola 








Cultural type 








Characters 
Brown Gray 
Color* Colonies cinnamon to light} Colonies pallid neutral gray to 
brownish olive or grayish} various shades of gray and 
olive black. No trace of oliv- 
aceous or brown colors 
Average diameter after eight] 23 mm. 17 mm. 
days at room temp. 
Average range of endoconidial|] 7.38 — 21.58 yw 8.52-29.01 w 
length 
Colony perimeter Mycelial growth near surface] Mycelium often becomes sub- 


merged and filamentous 


Reactions to bacterial anta-| Strongly inhibited (Fig. 23) | Growth becomes submerged 
gonist “A” but is not greatly inhibited 











* Ridgway, R. Color standards and color nomenciature. Washington. 1912. 
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Isolations were made from numerous field collections from the extensive 
tobacco-growing areas in Ontario and Quebec as well as from specimens 
received from Virginia, Kentucky, Connecticut, and Ohio. The data pertain- 
ing to these isolations are given in Table II. 


TABLE II 


THE CULTURAL TYPES OF MULTIPLE ISOLATIONS OF T. basicola FROM 
VARIOUS FIELD COLLECTIONS IN 1947 AND 1948 














N Cultural type 

. No. of 

Year collected Origin ini 8 

ha % Brown % Gray 

1947 Harrow (rootrot plots) 70 85 15 
1947 Quebec 3 95 5 
1947 Delhi 2a 70 30 
1948 Harrow 12 70 30 
1948 Delhi 6 90 10 
1948 Ottawa 8 65 35 
1948 Virginia 2 ~ 100 
1948 Kentucky 2 75 25 

















When it was apparent that two cultural types might be present in naturally- 
infested soil, more extended observations were made from the 1949 isolations, 
the data for which are given in Table III. 


TABLE III 


THE ORIGIN AND CULTURAL TYPE OF THE INITIAL ISOLATES OF TJ. basicola FROM 
VARIOUS FIELD COLLECTIONS MADE IN 1948 AND 1949 




















¥ — Geographic Source Cultural type 
collected origin 

1948 Connecticut Windsor Brown 

1948 Ontario Copenhagen (two locations) Gray 

1948 Ontario Delhi Gray 

1948 Ontario Delhi Gray and brown 

1948 Ontario Newcastle Brown 

1948 Quebec St. Alexis Brown 

1948 Quebec L’Assomption (two locations) Brown 

1948 Quebec Lanoraie Gray 

1948 Ohio Wooster Gray and brown 

1948 Virginia Blacksburg Gray 

1949 Ontario Elgin, Kent, Essex Six gray, four brown 

(Table IV) | 





It is evident from Tables II and III that the brown type is generally the 


predominant form isolated. However, in some collections the gray form 
predominates and from the Virginia material the brown type has never been 
isolated. 
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From the great majority of specimens collected, only one type was isolated 
at any given time. However, as later observations will verify, the brown 
type often is dominant over or even prevents the expression of the gray type 
in the initial isolations. This may account for the “breaking up” of many 
initial brown type isolations into brown and gray types on further culturing. 

The 1949 Ontario collections included soil samples as well as root specimens 
from a wide range of soil types in several different tobacco areas. These and 
the original roots were subjected to further analysis starting six months after 
the initial isolations with results as summarized in Table IV. 


TABLE IV 


A COMPARISON OF THE CULTURAL TYPES OF JT. basicola ISOLATED FROM VARIOUS 














FIELD COLLECTIONS AFTER DIFFERENT INTERVALS 
Cultural type 
Field No.* Area From roots 1949 | From soil 1950 |Plants in soil 1950 
July | Dec. Jan March March 
6 Elgin Gray Brown and —_** Brown Brown 
gray 
13 Elgin Brown Brown Brown Brown Brown 
4 Elgin Brown — — Brown - 

12 Kent Gray ne Brown - - 
18 Elgin Brown Brown — Brown Brown 
9 Elgin Brown Brown Brown Brown Brown 
3 Elgin Brown Brown Brown Brown Brown 
1 Elgin Brown Brown Brown Brown Brown 
15 Elgin Gray Brown Brown Gray and Brown 

brown 

Di Essex Gray Brown Brown | Gray Gray 

Ds; Essex Gray Brown Gray and} Brown Brown 
brown 























* Numbers refer to survey records. 
** Blanks — no cultures isolated. 


From Table IV it can be seen that in the initial isolation these soils yielded 
only the brown or gray wild types, although subsequent isolations indicated 
that in some of the soils both types were present. For example, in spite of 
the prevalence of the gray type in the first isolations from collections 6, 15, 
D, and Ds, isolations six months later yielded the brown type to the practical 
exclusion of the gray type in three of these same collections. As the roots 
and fungus were in a dry and dormant condition, it is very improbable that 
the appearance of the brown type can be attributed to a mutation. The 
brown type must have been present in the roots in the initial isolations but at 
such a low concentration that only the gray type expressed itself. This is 
further suggested by the presence of the brown type in soil about these same 
roots. The problem is raised, however, as to what determines the proportion 
or balance between the two types in the root and soil. One hypothesis was 
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that one type may be derived from the other by a mutation with a certain 
biological balance in the soil favoring the predominance and expression of the 
parent or mutant form. It was also possible that both types were present 
and equally favored but there was a selective action being exerted on one type 
by the method of isolation. Therefore, a number of experiments were carried 
out with mixed cultures. 


B. Experiments with Mixed Brown and Gray Wild Type Cultures 

When brown and gray type endoconidia, in equal proportions, were 
mixed together in water and placed on P.D.A. or on potato discs with transfers 
being made from the latter to P.D.A. after several days growth, the brown 
type masked the expression of the gray in 90% of the developing colonies. 
The gray type could, however, usually be readily recovered in transfers from 
these apparently brown colored colonies. If, on the contrary, the brown and 
gray types were plated side by side on P.D.A., both types were expressed as 
sectors in the developing colony. This indicates that the gray type is unable 
to compete with the brown in early stages of colony growth when the two 
forms are mixed, but is capable of asserting itself in the developing colony 
when given an initial start by itself. If the proportion of gray type endo- 
conidia was increased to three times that of the brown type, the gray type was 
expressed in young colonies for the first five to seven days. However, as the 
colony became older the brown colors began to mask the gray which finally 
often remained only in the form of indefinite sectors or patches. If the 
concentration of gray endoconidia were five times that of the brown, the 
colonies were gray initially and continued predominately gray, although the 
brown type often gave such colonies a mottled or sectored appearance. 


These experiments indicate that brown type colonies mask the expression 
of the gray type on P.D.A. unless the latter has initially a greater proportion 
of inoculum. This dominance of the brown type was not caused by a difference 
in the rate or amount of growth on P.D.A., potato discs, or in sterile soil, 
between the two types. That the gray type is not being prevented from 
developing is shown by the fact that it can be recovered by subculturing from 
the mixed brown colonies. However, wherever a colony appeared pure gray, 
in most cases numerous subcultures failed to yield any brown type colonies. 
Nevertheless, both types grow side by side and merge with no indications of 
incompatibility. 

Isolations from tubes of sterile sand two and six weeks after inoculation 
with the two types in equal proportions yielded predominately brown type 
cultures. 


A number of inoculations with mixed cultures were undertaken with various 
soils and tobacco varieties, cultures from several different sources being used. 
The results of these experiments, which are summarized in Table V, were not 
always consistent. At the beginning of the period of isolations the general 
trend was similar: the brown type predominating over the gray until the 
proportion of gray type inoculum was five times that of brown. Even at this 
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TABLE V 


RESULTS OF ISOLATIONS* FROM SOIL AND TOBACCO ROOTS TWO WEEKS AFTER INOCULATION 
WITH VARIOUS PROPORTIONS OF BROWN AND GRAY SPORES 














Ratio of brown Cultural type isolated 
Isolations from: spores to gray - Van “- 
inoculated % Brown % Gray 7o Visibly 
mixed 

Soil re 85 5 10 

a2 65 16 19 

233 72 10 18 

1:5 48 32 20 

Plants ca 85 7 8 

22 90 3 7 

142 80 9 1 

L$ 76 20 4 

















* From 20 to 50 colonies isolated in each series. Pure brown and gray checks were stable. 


high concentration the brown type sometimes dominated cultural types 
isolated. Table V does not give a true picture of individual isolations where, 
in many cases, the gray type would be the only form isolated regardless of the 
proportions in which it was inoculated. Although the brown type was the 
predominant form isolated, the numbers of pure gray colonies were greater 
than in mixed culture studies on P.D.A. This can be attributed to greater 
segregation of individual spores between soil particles, and distribution of 
the spores in soil or host over a larger area on the potato disc permitting 
individual colonies to develop. There was a greater proportion of brown 
colonies in first isolations from infected roots than from soil. This is probably 
caused by the greater virulence and aggressiveness of the brown type as will 
be indicated in a subsequent paper. 

Reisolations from soils and plants containing mixed inocula, several months 
after inoculation, as shown in Table VI, would often consist of one type to 
the apparent exclusion of the other regardless of the proportions in which 
they were used for soil infestation. However, as most colonies developing on 
P.D.A. were not analyzed by subculturing, it is impossible to determine the 
exact balance between the two types. It would appear that the balance is 
shifted by a soil environment in favor of one type. 

From studies with mixed cultures on P.D.A., it seems safe to conclude that, 
where the gray type is the predominant and consistent form isolated, the 
brown type spore is very much reduced in numbers. If the brown type 
colony is predominant, however, the gray spores may or may not be signi- 
ficantly reduced in numbers, in as much as the brown type is capable of mask- 
ing or dominating the gray type on P.D.A. even though the latter has a higher 
initial inoculum potential. This, no doubt, explains the ‘‘breakup” of many 
brown types on further culturing or with host passage. As in the mixed 
culture studies on P.D.A., where subculturing was undertaken, the brown 
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TABLE VI 
RESULTS OF PERIODIC ISOLATIONS* FROM SOIL AND PLANTS INOCULATED WITH 
VARIOUS PROPORTIONS OF BROWN AND GRAY SPORES 
































Cultural type isolated 
Ratio of | —— ae i oe wre or ae ae | 
Substrate brown to gray| ea ‘Brom r : eee itd See 
isolated from: spores in iid sities toenaeiinihads 

inoculum ee 2) mea Ee aes ae 

10 | 14 | 28 | 60 | 10 | 14 | 28 | 60 
ee yo | | ? 
Soil series 1 <3 78 82 64 | 69 | 22 18 36 | 31 
Soil series 2 1:1 81 42 ea) 98) dl 26 <i ae — | 9 
Soil series 3 1:1 95 | 68 | 82 |100 | 5 | 32 “7 — 
Soil 1:2 a = i | Oe) | 1 See 
Soil 8:3 80 - | } 9 | 20)—|—1| 2 
Soil 1:5 63 52 | 41 | 70 | 37 | 48 59 | 30 
Plants series 4 1:1 90 | 95 | 85 | 90 | 10 | 5 15 | 10 
Plants series 5 tsi 98 6s | 7 |} 8 | 2 35 22 15 
Plants series 6 | Be | 89 oo |. 7 | at } |] Ss (a 
Plants 1:2 8 | 90 | 68 | 82 | 12 | 10 | 32 | 18 
Plants 1:3 76 | 64 | 59 | 49 | 24 | 36 | 41 | 51 
Plants 1:5 62 | 85 | 32 | 88 | 38 | 15 | 64 | 12 
| | | | | 


| 





* Twenty to 50 colonies in each isolation from each series. 


type colonies isolated from soil also were found to consist of mixtures, the 
brown type masking the gray. Again, however, the large majority of gray type 
colonies analyzed were found to be pure. 

Factors that might influence the type of culture isolated were considered 
in different experiments. There was no correlation between soil type, plant 
variety, soil pH, and soil temperature, and the type of colony isolated. Only 
when the concentration of gray was five times that of the browns were the 
gray colonies the predominant form isolated from infected roots at the 
beginning of an experiment. However, pathogenicity studies indicate that 
there may be a selective action caused by the greater aggressiveness of the 
brown type. Furthermore, two months after the first isolation there may be 
a complete shift in favor of a less virulent type, the opposite of that isolated 
initially. This shift strongly suggests that the soil flora may have been exerting 
a selective influence. Therefore, studies will be conducted to determine the 
effect of some antagonistic organisms on the balance of the two types in soil. 

STABILITY IN CULTURE 
A. Methods of Maintenance and Periods of Survival 

It was soon evident that cultures of the fungus isolated from soil or plant 

would not remain stable, as to cultural type, when maintained on a-substrate 


like P.D.A., which is rich in starch and sugars and induces abundant vegetative 
growth with the prolific production of endoconidia. Since P.D.A. was the 


standard medium employed, experiments were undertaken to determine the 
influence of the dextrose and potato decoction on fungus growth. 
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By varying the proportions of potato, with the dextrose content remaining 
constant at 1%, growth and-endoconidial production were much more sparse 
when 50 gm. or less of raw potato was used for a decoction than when the 
standard 200 gm. per liter was used. Varying the proportion of dextrose from 
1 to 20% using 200 gm. of potato in one liter caused no difference in colony 
characteristics of the brown and gray types when compared with standard 
P.D.A. (pH 6.0), although when dextrose was omitted, the colony mass was 
considerably less and the growth of mycelial mutants was retarded. Growth 
Was very sparse on a 1% dextrose agar. Apparently this fungus is consider- 
ably stimulated by constituents present in potato decoctions and in raw 
potato, as indicated by the highly selective nature of the latter substrate in the 
isolation of the organism from soil. In this regard, attempts to substitute a 
paste of manufactured potato starch for a raw potato substrate failed. Spore 
germination was very rapid in potato decoction as compared with 1% dextrose, 
soil solutions, and water. 


Growth was sparse on various types of soil agar, sterile sand, and plates of 
sterile soil. Growth was slightly more abundant on plain 2% agar or a 
decoction of tobacco roots in agar than on soil agar. Growth was very sparse 
on several synthetic media (16, 22) and on Thornton’s agar (25). 

There was a positive correlation between the amount of vegetative growth 
on a medium and the rapidity of displacement of the brown and gray cultural 
types by cultural mutants.* Wild type cultures maintained on standard 
P.D.A. at room temperature were overgrown with cultural mutants, often 
within a few weeks. Maintaining cultures at refrigerator temperature (10° C.) 
retarded the process but did not prevent the appearance of mutants. 

In sterile sand cultures, mutations from the wild brown or gray type to 
various mycelial types were prevented. However, the growth of mycelial 
mutants when inoculated into sterile sand was not inhibited, although the 
period of viability in this medium was considerably reduced as compared 
with P.D.A. 

Some cultures remained viable and unaltered in tubes of sterile sand, with- 
out transfer for three years at room temperature. Cultures were stable on 
soil extract agar, although the period of viability was considerably reduced 
(Table VII), probably because of a small amount of growth and the dehydra- 
tion of the agar. 


When it was evident that the fungus could withstand desiccation so well, it 
seemed likely that it could be maintained in root tissue itself with a minimum 
of the variation incident to passage through nutrient rich substrates. This 
proved to be the case, and infected roots could be filed in envelopes and treated 
as stock cultures from which the various cultures of the fungus could subse- 
quently be isolated by the potato disc method. 

* As these changes in cultural type originate in the progeny of a single uninucleate spore of 


T. basicola and do not revert to the parental type, they are called mutations, in conformity with 
present plant pathological usage. 
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TABLE VII 


MAXIMUM AND MINIMUM PERIODS OF SURVIVAL OF BROWN AND GRAY CULTURAL TYPES 
ON SEVERAL MEDIA MAINTAINED AT ROOM TEMPERATURE 























Years of survival 
Cultural type Medium ———— 
Max. Min. 
Brown Sterile sand 3 13 
Gray Sterile sand 2 1 
Brown P.D.A. 2 1 
Gray P.D.A. 13 1 
Brown Soil agar 13 , 
Gray Soil agar 1 3 
Brown Root tissue 3 1 
Gray Root tissue 1 4 
‘ 








It was generally observed that the gray type and various mycelial and other 
aberrant forms survived less readily under the various methods of maintenance 
than did the brown type cultures. Thus, a much higher percentage of gray 
type endoconidia from old dehydrated P.D.A. cultures failed to germinate as 
compared with brown type endoconidia of a similar age. In Table VII are 
given the comparative periods of survival in culture under various methods 
of maintenance. Gray type cultures survived for a shorter period than the 
brown type on all media. On P.D.A. both types remained viable for at least 
one year. However, when revived, these cultures were dominated by various 
cultural mutants. It was found that these mutants could be prevented from 
displacing the original wild type culture by removing the culture from the 
test tube after 10 days of growth and rapidly drying itina warm room. The 
hard, dry agar containing the culture is then glued to an herbarium card for 
filing. These cultures were found stable and viable after six months. 


B. The Brown-to-Gray Mutation 

Monosporous isolations were made from various cultures maintained on 
P.D.A., soil agar, and in sterile sand, and a large number of polysporous 
transfers were made as well. Mutations other than the brown-to-gray type 
will be considered in the next section. In Table VIII is a summary of the 
results of experiments on cultural stability of the gray and brown types in 
sterile sand. 

Although a gray type culture has never been observed to mutate to a brown 
type in sand culture, it would appear that the one brown culture in Table VIII 
mutated to a gray type. While the cultures were not single spore in origin 
and, therefore, may have consisted of a mixture of brown and gray types with 
the gray segregating out on further culturing, yet they had been carried for 
several months with numerous transfers previous to being transferred to sterile 
sand with no indication of a mixed culture. This indicates that the gray 
culture, in this instance, probably is a mutant originating from the brown 
parent. 
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TABLE VIII 


CULTURAL TYPE OF MONOSPOROUS ISOLATES FROM POLYSPOROUS 
CULTURES IN STERILE SAND FOR ONE YEAR 











t 24 No. of cultures 
; al type No. ore 7 
Cultur . type No. of different recovered unaltered | No. of cultures mutated 
inoculated cultures used ¥ ce 
after one year 
Brown 6 5 1 
(Brown to gray) 
Gray 3 3 None 
Albino 1 1 None 














Evidence suggesting the brown-to-gray mutation on P.D.A. will now be 
given. Polysporous transfers were made from cultures of monosporous origin 
carried on P.D.A. for various periods up to 18 months. Although many of 
these cultures were dominated by mycelial mutants which tended to suppress 
the expression of the gray or brown types, the original culture types could be 
recovered in most cases, particularly by resorting to the monospore technique. 
In Table [X are given the results of these transfers from which it is evident 
that four brown cultures had given rise to gray mutants, whereas the gray 
cultures yielded no brown mutants. 


TABLE IX 


CULTURAL TYPE OF POLYSPOROUS ISOLATES FROM MONOSPOROUS CULTURES ON POTATO 
DEXTROSE AGAR SLANTS FOR PERIODS UP TO 18 MONTHS* 














| 
ner t . No. of cultures 
— ped a ype i . recovered unaltered { No. of cultures mutated 
: shit after one year 
Brown 36 32 
(Brown to gray) 
Gray 32 32 None 














* Mutations other than the brown to gray type not included. 


Eight polysporous cultures were carried on P.D.A. in paraffin sealed tubes 
for a period of two years without transfers. The tubes were placed in soil 
outdoors through the winter of 1947-48. Because of heavy contamination, 
these cultures were used directly as a source of inocula to infect tobacco plants, 
from which the original cultures were recovered by the use of potato discs. 
The results of this experiment are given in Table X. The original cultures 
were recovered with the exception of one brown-to-gray mutation. The host 
passage, no doubt, eliminated the mycelial mutants and possibly other brown- 
to-gray mutations. Although the overgrowth of wild type cultures by mycelial 
mutants was conspicuously absent in most of these slants, this may have been 
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TABLE X 


CULTURAL TYPE OF ISOLATES FROM TOBACCO ROOTS INFECTED WITH CULTURES FROM POTATO 
DEXTROSE AGAR MAINTAINED FOR TWO YEARS IN PARAFFIN SEALED TUBES 








Cultural type No. of different No. of cultures ; ‘ 
“epee - | nie eee “te : No. of cultures mutated 
inoculated cultures used recovered unaltered 

| 
3rown 6 5 1 
(Brown to gray) 
Gray 2 2 None 





caused by the paraffin seal, or bacterial contaminants in some cultures. 
However, it does indicate the relative stability of the wild cultural type over 
long periods of time. 

In all of the extensive culturing carried out there were only six instances of 
a gray type culture originating from a brown type that could be attributed to 
a mutation of the brown type to a gray. Many brown type cultures, when 
first isolated, ‘‘broke up”’ into both gray and brown type cultures. However, 
as the original isolates were not of a single spore origin, these changes cannot 
definitely be attributed to a mutation. It is further evidence, however, for 
the co-existence of both types in the soil. 

Several cultures selected for continuous monospore culturing have shown no 
indication of mutating from brown to gray or vice versa in nine generations of 
culturing. However, aberrant mutants in the form of submerged growth 
and other mycelial types have appeared. These were particularly prevalent 
in the gray type series. Sister cultures in each series were passed through 
tobacco roots at three different times. Reisolations from these roots yielded 
the original parent type cultures. 


It was observed throughout all of the cultural work that all gray type 
cultures, irrespective of whether they were poly- or monosporous in origin, 
were consistently stable. This contrasts with the frequent breakup of many 
brown type cultures soon after isolation from the soil and with the occasional 
mutation of brown to gray types in artificial culture. 


Attempts to induce a brown-to-gray or gray-to-brown mutation with ultra- 
violet rays using a Westinghouse Sterilamp WL-782-30, four inches above the 
treated material, were unsuccessful. The gray type responded to a dosage of 
from 5 to 10sec., as indicated by a reduction in the number of viable spores and 
the appearance of cultural mutants, whereas the brown type did not. 
Mutations were common and were characteristic of those found in older 
cultures growing on P.D.A. The submerged and mycelial types of growth 
were very common in gray type cultures subjected to radiation. 


Brown type endoconidia survived dosages of 40 sec. and higher whereas the 
light type were killed, or the resulting colony developed very slowly into a 
mutant culture. 





eve et, sine 
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C. Cultural Mutants 

There was a unidirectional tendency in all brown and gray cultures carried 
on P.D.A. towards a mycelial type of growth. This growth was characterized 
by sparse production of endoconidia culminating in various types of cultures 
in which this spore form was completely absent (Fig. 17). These mutations 
apparently were not reversible. 

The first indication of this type of growth is the appearance in the center of 
colonies on P.D.A. slants of a grayish cottony, mycelial overgrowth of the 
colony surface (Fig. 12). This growth usually does not appear until after the 
colonies have ceased growing and is most common after four to six weeks of 
growth. The mycelial growth gradually forms a gray cottony layer over the 
entire colony surface, from which cultures predominately mycelial in character 
can readily be isolated. 

Transfers of small pieces of inoculum from colonies on P.D.A. from one to 
several months old yield a wide range of mycelial culture types with great vari- 
ation in the amount and rates of growth (Figs. 9 to 25). The colony consistency 
varies from a loose floccose type of mycelium, with a rapid rate of surface 
growth (Fig. 13), to hard, compacted sclerotialike colonies growing only a 
few millimeters in four weeks (Fig. 19). Or, the growth may be entirely 
submerged in the substratum and black in color (Figs. 22, 24). The color of 
cultural mutants varies from black through various shades of gray and brown 
to pure white. 

The culmination of the mycelial type culture appears to be the elimination 
of the endoconidial spore form. These so-called chlamydospore cultures have 
remained stable for two years. Chlamydospore cultures include a number of 
distinct types varying from compact to floccose and from black to albino 
(Figs. 15,17). Endoconidia are never found and the loss of the factor for their 
production appears to be correlated with considerable stability in the 
chlamydospore types. 

Albino cultures, which are like the brown and gray type in most respects 
other than the loss of pigmentation, are occasionally found in the form of 
small sectors in brown type cultures. In addition to the loss of pigmentation 
there seems to have been a loss of the ability to form mycelial mutants, in as 
much as the albino cultures have been remarkably stable over a period of 
four years of culturing. 


The mycelial culture mutants originate in the center of the wild type 
colonies and overgrow them on nutrient-rich substrates like P.D.A. They 
do not survive, however, in competition with brown or gray types in a soil 
environment. In fact, the wild brown and gray types have been the only 
forms isolated from naturally-infested soil. Mycelial cultures have been 
isolated rarely from roots artificially infected. Also, variations closely 
resembling the cultural types have been isolated from sweet clover and other 
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legumes inoculated with brown and gray cultures while growing in vermiculite 
watered at intervals with a complete nutrient solution. 

There is considerable variation within brown type cultures and a narrower 
range of variation within gray type cultures. The range of variation inherent 
in the two types is mutually exclusive and hence the one type does not merge 
into the other. Much of this variation arises in culture and is often indicative 
of a gradual trend toward a mycelial type of growth. 

In the brown type cultures, pigmentation and rate of growth are the most 
common variations. Differences in rates of growth within an individual 
colony give a flared appearance to the colony (Fig. 25), and the rate of growth 
of the entire colony is often slower than that of a stable wild type culture. 
The growth rate is often indicative of a mycelial tendency in a colony before 
any changes in the type of growth are visible. Pigmentation varies in range 
from olivaceous and black with tinges of brown to a light cinnamon brown. 
Brown type colonies may possess concentric rings of different color and surface 
growth or these rings may be absent. The colony may be flat or umbonate, 
and the surface may be powdery or woolly, but in any case the presence of 
olivaceous or brown colors identify these cultures as members of the brown 
type. 

In the gray type colonies, the capacity to produce variations in color appears 
to have been lost with the loss of the brown pigment. The gray type appears 
to be less stable than the brown type, on P.D.A. and the wild form is often 
replaced by black, submerged mycelial growth (Fig. 22). The mycelial 
tendency in gray type cultures may also be expressed in a woolly type of 
growth or a dark, compacted colony with a submerging periphery (Figs. 9, 11). 





Fic. 8. A typical brown wild type culture. 

Fic. 9. <A submerging, compact gray type mutant maintained through nine generations of 
monospore culturing. This type became completely submerged several months later on P.D.A. 
Note the uneven growth pattern. 

Fic. 10. A gray type mutant that 1s somewhat mycelial in character. 

Fic. 11. A woolly mycelial colony from a gray wild type culture. Note the light colored 
submerging border, 

Fic. 12. A brown type culture showing the characteristic mycelial overgrowth that begins 
in the center of the colony. This mycelial growth gradually displaces the wild type. 

Fic. 13. A gray mycelial mutant similar to that in Fig. 18 showing the overgrowth of a 
floccose white mutant. This white type grows very rapidly and soon displaces all other cultural 
types. 

Fic. 14. A brown type culture that has become almost completely displaced by a submerged 
mycelial mutant. The original brown culture persists as several small patches and a sector. 
Two aerial mycelial patch mutants are visible. 

Fic. 15. An albino chlamydospore colony. 

Fic. 16. A typical gray wild type culture. 

Fic. 17. A chlamydospore mutant which formed a sector in a brown wild type culture. 
Endoconidia were never found in this mutant culture. 

Fic. 18. A brown type culture that has been almost completely crowded out by a mycelial 
mutant. Note the white patch mutants in the center of the colony. 

Fic. 19. A black, compact, sclerotial-like colony from a gray type culture. This colony 
type grows very slowly. 
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Gray colonies may be appressed or sharply umbonate. Albino and chlamydo- 
spore cultures have never been found to originate in gray type cultures. 


It was frequently observed that monosporous transfers from a gray type 
colony failed to grow. Microscopic examination revealed the presence of a 
small, aborted, nonviable colony which consisted of a small amount of dis- 
torted mycelium and up to 50 endoconidia. Transfers from these areas were 
not viable. The death of this colony and the failure of spores from it to grow 
is attributed to a lethal mutation. This mutation is only found in gray type 
colonies. 


Host PAssAGE EXPERIMENTS 


More than one hundred poly- and monosporous cultures were used to infect 
various varieties of tobacco and other hosts grown under a wide range of 
environmental conditions. Isolations from infected roots were made at 
intervals after inoculation, in some cases not until after two years storage in 
envelopes at room temperature. The results of these host-passage experi- 
ments, as they relate to the stability of the fungous strains used, are given in 
Table XI. 

TABLE XI 


CULTURAL TYPE OF ISOLATES FROM TOBACCO ROOTS INFECTED WITH POLY- 
AND MONOSPOROUS BROWN AND GRAY CULTURES 











Cultural type No. of different No. of cultures r , 
inoculated cultures used* recovered unaltered No. of cultures mutated 
Brown 30 21 
(Brown to gray) 
Gray 45 37 
(Gray to brown) 
Gray (Virginia) 25 25 None 














* Each culture was used to infect several different varieties of tobacco from which at least six 
isolations were made. 





Fic. 20. Lower left, a gray, and upper right, a brown wild type colony. Two mycelial 
mutant colonies are shown in which white patch mutants are developing. 


Fic. 21. Typical brown wild type colonies and brown type mutants. The mutant colonies 
are woolly and mycelial in tendency with a trend towards submerged growth. 


Fic. 22. Gray type colonies that are almost completely displaced by submerged mutants. 
Note the white aerial mycelial patch mutants. 


Fic. 23. The response of brown (lower) and gray (upper) type colonies to bacterial 
antagonist ‘‘A”’ on P.D.A. Note the marked inhibition of the brown culture resulting in a 
sharp line demarcating the limit of growth. The gray type culture has continued to grow 
although submerged. 


Fic. 24. Two typical brown type colonies and two submerging mutants. All four colonies 
are from the same parent culture. 


Fic. 25. Four brown type colonies one of which has produced a gray type mutant. Note 


the flared growth of the lower right colony which is often indicative of an approaching mycelial 
tendency. 
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Mutations from brown to gray have occurred in nine of the 30 brown cultures 
and from gray to brown in eight of the 70 gray cultures used. As the gray- 
to-brown mutation had not been observed to arise in artificial culture and was 
of less frequent occurrence than the brown-to-gray mutation, further studies 
were undertaken. 


A monosporous gray wild type culture from Ontario was used as a stock 
culture from which inoculum was obtained to infect 15 different plant species 
growing in vermiculite watered with a complete nutrient solution. Four 
isolations were made from each species at intervals of two weeks. In all, 
over 100 isolations were made all of which yielded gray type cultures with the 
exception of two different isolations from sweet clover, which were of the 
brown type. However, two subsequent isolations from these same sweet 
clover pots yielded only the gray type. 

The same gray type parent culture was used as a source of inoculum to 
infect timothy, tobacco, and tomato seedlings growing on nutrient agar (16) 
slants. “Tomato was virtually immune in vermiculite but was infected on the 
nutrient slants. Fifteen different root isolations were made, all of which 
vielded gray type colonies with the exception of two isolations from tomato 
which were of the brown type. 

Other than the association of the gray-to-brown mutation with host passage, 
mutations did not appear to be correlated with the type of host, tobacco 
variety, soil type, or the use of poly- or monosporous cultures for inoculation. 


Summary and Discussion 


In Text-fig. 3 the cultural behavior of 7. basicola on P.D.A. is summarized 
diagrammatically. This fungus exists in nature in two distinct forms, termed 
the gray and brown wild types, because of their cultural characteristics when 
first isolated from soil. The wild types do not remain stable on P.D.A. but 
give rise to cultural mutants which eventually crowd out the wild type initially 
present. 


Cultural mutants are characterized by a predominance of mycelial growth 
and a retardation, or even the complete suppression of endoconidial production. 
They appear to fluctuate continually in cultural characteristics, although 
several types have remained relatively stable. These stable types are 
characterized by a loss of pigmentation in an albino group, or a completely 
submerged type of growth, or the absence of endoconidia. Cultural mutants 
do not arise when the wild types are maintained on sterile soil or soil agar nor 
are they able to compete with the wild type in soil. 


The brown wild type mutates to the gray in soil and in culture. The gray 
wild type does not mutate to the brown type in culture, but there is evidence 
in a few instances of a gray type culture giving rise to the brown wild type 
with host passage, although this is of infrequent occurrence as compared with 
the brown to gray mutation. The fact that the gray-to-brown mutation is 
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associated only with host passage and does not occur in culture, suggests a 
directive influence being exerted by the host—parasite relationship, but more 
intensive experimentation is needed to clarify this point. Nevertheless, the 
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TEXT-FIG. 3. Diagrammatic summary of the cultural behavior of T. basicola on P.D.A. 
A to B, zone of wild type variations and the brown-to-gray wild type mutation. B to D, zone 
of cultural mutants. B to C, zone of cultural mutants which are constantly fluctuating in 
cultural characteristics. C to D, relatively stable cultural mutants, derived mainly from 
mycelial types. These are: A, albino cultures from brown wild types and like them in all 
respects save the loss of some pathogenicity, color, and the ability to form mycelial mutants; 
C, chlamydospore cultures in which endoconidia are not formed; S, completely submerged 
cultures with a black filamentous growth; N, nondetermined types which probably could be 
found in the large mycelial group on detailed analysis. Lethal, microscopic colonies from 
single spores that become aborted and die. See also text, pp. 463 to 465, and Figs. 8 to 25. 


results are highly indicative and assuming that this mutation is associated 
only with host passage, the behavior of the wild type cultures of 7. basicola 
may be diagrammatically summarized as in Text-fig. 4. 





GRAY HOST 4 BROWN 


; 
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TEXT-FIG. 4. A diagrammatic summary of the cultural behavior of the brown and gray 
wild type cultures of T. basicola. Arrows indicate direction of mutations; the gray-to-brown 
mutation has occurred only with host passage. 
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The factors inducing the brown-to-gray mutation are not known. Such a 
mutation would appear to be of no value to the fungus, as the gray type is 
poorly adapted to withstand long dormant periods (cf. p. 460) and is 
less pathogenic than the brown (23). However, the strikingly different 
reaction of the brown and gray types in culture to several antagonistic bacteria, 
is highly suggestive that there might be a distinct survival value associated 
with the presence of two or more wild type forms in soil, and the ability of 
each to give rise to the opposite by mutation. It was observed that some 
antagonistic bacteria, which prevented the growth of the brown type on 
P.D.A., did not inhibit the growth of the gray type to the same degree although 
the characteristics of the colony were altered (Fig. 23). If a similar reaction 
occurs in soil, then it is possible that a soil flora may contain organisms more 
antagonistic to the brown than to the gray or vice versa, permitting develop- 
ment of the latter where the former could not thrive. If this is the case, then 
the balance between the wild types present in soil is determined by a selective 
action of the soil flora inhibiting one type or the other, or both, in varying 
degrees. If the soil flora acts equally on both types then the brown wild 
type would have an advantage over the gray because of its greater virulence 
and longer viability. In addition to the differential selective action of the 
soil flora in general, which is determined by many complex factors, the selective 
action of the rhizosphere flora and the host present would have to be con- 
sidered, and the possible interaction occurring among all three. This hypo- 
thesis that the soil flora determines the balance of wild brown and gray types 
would explain the results of the experiments using mixed gray and brown 
inocula for soil infestation (cf. Table VI). Also, the consistent absence of the 
brown type in Virginia collections might be caused by the particular soil flora 
in the area wheré the material was collected containing organisms antagonistic 
to the brown but not the gray wild type. 


Variations among soil isolates that are detected by differences in cultural 
characteristics on P.D.A. immediately on isolation from soil are much more 
restricted than are those which arise later when these same cultures are main- 
tained on P.D.A. for several weeks. These initial variations'in the soil 
isolates are not of a degree sufficient to consider them as being wild types 
basically different from the characteristic brown and gray wild types described. 
The use of such a widely representative range of materials for isolation, and 
the fact that only the wild brown and gray types described were found, would 
seem to indicate that these are the basic wild types present in the soil. That 
variations in pathogenicity among these wild types do occur has been shown 
(23), but variation in their initial cultural characteristics are well within the 
range characterizing the brown and gray wild types. 


As the fungus exists in nature chiefly in parasitic association with the host, 
and all cultural mutants are ill-adapted to survive in soil and are mostly 
avirulent, it is highly improbable that these mutations survive in nature. 
This conclusion is further supported by the fact that cultural mutants were 
not found in isolations from infected root tissue growing aseptically on nutrient 
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agar slants or in cultures of the fungus growing in sterile soil or on soil agar. 
It would appear that the cultural mutants found on P.D.A. are the result of 
some altered fungus metabolism associated with abundant saprophytic growth 
achieved by the fungus in pure culture with an unlimited supply of nutrients 
for growth. An examination of the nutritional levels of the fungus in relation 
to mutation rate is needed to clarify this point. 


The distinction between variations of a fungus caused by maintenance on 
an artificial substrate rich in nutrients and those arising in nature have not 
always been fully appreciated. This fact is notably so in the genus Fusarium, 
where it contributed to a chaotic system of taxonomy. Miller (17, 18) has 
clarified and discussed the problem at length in regard to this difficult genus. 
The behavior of 7. basicola on a nutrient rich substrate and in soil is broadly 
similar to that found by Miller in Fusarium. It is not unlikely that variations 
in morphology and pathogenicity reported for many soil-borne fungi are the 
result of mutations induced by growth on a nutrient rich substrate and bear 
no relation to the variations of the fungus in nature. 


The variations of T. basicola described by Johnson and Valleau (9) can be 
attributed mostly to cultural mutations because of the long periods of main- 
tenance on P.D.A. The variations they observed in the original isolations 
may have been caused by the presence of both brown and gray wild types. 
In any case, no attempt was made to distinguish between variations arising in 
culture and those present in soil. 


Rawlings (19) compared three strains of T. basicola as to cultural behavior 
on three different media. His stock cultures were maintained on P.D.A. and 
he made no attempt to determine the stability of the fungus on any of the 
substrates used. It is apparent as a result of the present investigations that 
T. basicola does not remain stable on such a nutrient-rich substrate as P.D.A. 
and should be cultured in soil in order to maintain pure stock cultures of the 
wild type. 
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